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ABSTRACT 
In dimethylformamide the alkylation of N6-pivaloyl-
adenine anion using chloromethyl pivalate gave N6 -pivaloyl-
7-pivaloyloxymethyladenine as the major product, whilst only 
a trace of the 9-alkyl isomer was detected. This is very 
different from reported alkylations, under similar conditions, 
of adenine anion using a variety of reagents, where the reverse 
is often the case. The effects of N6-pivalamide group on 
N6-pivaloyladenine towards alkylation were then studied. This 
was done by varying the reactivities of the alkylating reagent, 
the size and nature of both the alkylating and leaving groups, 
and finally the nature of the alkyl group on N6 -acyl group of 
N6-acyladenines. A hypothesis based on the steric and elect-
ronic requirements of the transition states of these alkyl-
ations was postulated to explain the results of alkylations of 
N6-pivaloyladenine anion. 
It was found that the spectral characteristics of 7-
and 9-alkyl-N6-pivaloyladenines are distinctly different, 
that they can be useful for structural assignments of any 
7- or 9-alkylated products of N6-pivaloyladenine. 
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Although adenine seldom occurs freely in nature, it 
is very important in the biosphere. It is one of the four 
bases in nucleic acids, a cofactor in nicotinamide adenine 
dinucleotide, and it is involved in the oxidative phosphoryl -
ation from which all mammal derive their energy. Because of 
its biological importance, the chemistry of adenine has been 
well studied; alkylation with alkyl halides and especially 
glycosyl halides has been frequently reported in the 
literature1 , 2 
• 
Studies of N-alkylation on adenines and some purine 
derivatives, particularly 6-chloro- and 6-thiopurines was 
further stimulated by the reported antitumor activities of 
some derivatives of these compounds 3 a, 3b. The elucidation 
of structures of some naturally occurring biologically import-
ant compounds e.g., pseudo-vitamin B12 , which contains a 7-
. d . . 4 . h. S d k. . 6 f h isoa enosine moiety , triacant ine an inetin urt er 
activated the search for potentially biological important 
analogues of these compounds. 
In general, under basic conditions, the alkflation of 
pu~ine and its 6-, amino-, chloro- and thio-derivatives occur 
predominantly at the 9 position of the purine ring 1 . Thus, 
methylation with dimethyl sulphate in aqueous potassium 
hydroxide gave 9 methylpurine 7 ; ethylation of 6-chloropurine 
using ethyl iodide in dimethyl sulphoxide containing potassium 
carbonate gave 6-chloro-9-ethylpurine as the major product, 
the other product detected being a trace of the 7-ethyl isomer 
8 Benzylation of 6-thiopurine under basic condition in 
dimethylformamide gave mixture of 9- and 7-benzyl-6-benzylthio-
. 9 purine . 
10 Until recently it was believed that alkylation of 
adenine under basic conditions in aqueous or alcoholic medium 
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gave either 9-alkyladenine or a mixture of 7- and 9-alkylated 
d . . 11,12 b" products with the latter pre ominating . Unam iguous 
routes for the synthesis of 7-alkyladenine had, until recently 
been difficult, and the assignments of these minor products of 
alkylation were based mainly on comparison of their uv spectral 
. 13 14 data with known 7 alkyladenines ' 
' 
(pKa and Rf comparison 
14 had also been used . Such assignments however, may be erron-
eous because the 3-alkyladenines have very similar uv spectral 
properties to those of the corresponding 7-alkyl isomers 15 , 16 , 
and as a result quite a few products of alkylation under these 
conditions were later reassigned as the corresponding 3-alkyl 
. 5 10 15 isomers ' ' . 
In contrast to alkylation under alkaline conditions, 
ethylation of adenine in neutral aqueous solution, buffered at 
pH=7, gave 3-, 1- and 9-ethyladenine with the former as the 
14 
major product . In fact, all reported alkylations of adenine 
under neutral aqueous or alcoholic media have given 3-alkyl-
14 15 
adenines as the primary products ' 
The pattern of alkylation in aprotic dipolar solvents 
e.g., dimethylformamide, dimethyacetamide, is similar to the 
ones in aqueous or alcoholic medium. For example, benzylation 
in presence of base (usually potassium carbonate) gave 9-
benzyladenine, whereas in absence of base it gave 3-benzyl-
adenine; in both cases no attempt to trace other minor products 
17 
was reported . 
Even though 7-alkyladenines were minor products in 
these alkylation reactions 1 , 5 , 18 , they could be potentially 
biological important compounds, so that unambiguous synthetic 
routes for 7-alkyladenines were desirable. Attempts to find 
general methods were further accelerated by the structural 
elucidation of pseudovitamin B12 
4b Two general methods 
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for preparing 7-alkyladenine have recently appeared in the 
literature. They are (a) cyclisation of either an appropriate 
substituted pyrimidine 19 or substituted imidazole compounds 20 
and (b) modification on existing adenine derivatives 21 . 
19 Denayer developed a three step synthesis of 7-alkyl-
adenines starting from commercially available 4,6-diamino-5-
formamidopyrimidine. The final step involves a cyclisation 
under drastic conditions and often produces decomposition 
NH H NH 2 NH 2 R j 2 J 
' 
R 
/H N} H I N1/x C NaH N '--C / K2 CO 3 _ N/ 1---) 
~N I NH Jf RX 
~N 
I II l, / - r 0 . 0 DMF DMF,!:. N N 2 NH 2 
products so that purification of crude product by chromato-
graphy is necessary. This method was used in the experimental 
procedure of this thesis to prepare some authentic 7-alkyl-
adenines required for spectral comparison. Rousseau and his 
co-workers 20 synthesized 7-S-D-ribofuranosyladenine by a four 
step synthetic route starting from 1,2,3,5-tetra-O-acetyl-S -
D- ribofuranose and 5 bromo-4-nitroimidazole. Such synthesis 
involved a high temperature (190°) fusion step to form the 
Nl glycosidie link. This key intermediate was later cyclised 
to give 7-isoadenosine. The 5 bromo-4-nitroimidazole could be 
prepared in two steps from commercially available imidazole 22 . 
Method involving modification of existing adenine deri v -
atives is based on the experimental f indings that alkylation of 
3-alkyladenine give 3,7-dialkyladenine. Therefore removal of 
the protective 3-alkyl group (often benzyl group) f rom 7 alkyl -
3-benzyladenine by hydro genolysis give the desired 7-alky ladenine21 
Because this method includes a slow and low y ield step, the 
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hydrogenolysis, it is not so frequently used as the others. 
Against such background, some interacting results from 
. d b . d. . f d · 18 pivaloyloxymethylation un er asic con itions o a enine 
appeared. In dimethylformamide containing potassium arbonate, 
the alkylation gave the expected pattern i.e., a maJor product 
of 9-pivaloyloxymethyladenine (l) and trace of 7-alkyl isomer (2) 
was detected. However in dimethylformamide containing sodium 
hydride, the yields of l and 2 become comparable (20-30% to 
7-18% respectively). The yield of 2 could be increased further 
to 48% with corresponding decrease of l to 28% by adding the 
sodium adenide slowly to chloromethyl pivalate (an inverse 
addition). There is at least one literature precedence in 
which alkylation on adenine in aprotic solvent containing potass-
ium carbonate gave 7-alkyladenine as the only isolated product 
(yield 7%); however, no attempt of detecting other isomers 
that might be present in crude product mixture was mentioned 5. 
In the alkylation where chloromethyl pivalate was added 
to solution of sodium adenide in dimethylformamide, two other 
products, N6-pivaloyladenine (3) and N6 -pivaloyl-7-pivaloyloxy-
methyladenine (4)were also produced. Compound 3 could also be 
produced from rearrangement of 2 in methanolic ammonia 18 
Therefore, it was postulated that formation of 3 during the 
alkylation of sodium adenide using chloromethyl pivalate, arose 
ee 
Attack by from an int r molecular nucleophilic displacement: 
,le 
the anion on nitrogen of the 6-amino group of 2 at the acyl 
carbonyl of pivaloyloxymethyl group on the imidazole moiety of 
2 gave 3 with an empirical loss of formaldehyde. Further 
alkylation on 3 occurred exclusively on NJ position to give 4 
Under these conditions no alkylation on 3 occurred at N9 posit-
ion as no N6-pivaloyl-9-pivaloyloxymethyladenine (5) was 
detected. If such a postulate is correct, the N6-pivaloamide 
( Ii J) 'J o ~H-:, 
-:::: ,, 
f ( £ H:, ::::. 5 
~ :>) OJ O ~ -::, -· H 
-:: 
IJ /I 
,~ti:))0:J ':: 'd 
""' ( ~l-1-3) J 11 ::: I 
't 1-:> = I I 
H =· Id 
I 
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group must have a directing effect very different from the 
6-amino group; in the sense that in aprotic dipolar medium in 
presence of base, the N6-pivalamido group favours N7-alkylation. 
It should be noted that N6-benzyladenine had been reported to 
alkylate at 3 and 9 position under non-basic condition in 
d . h lf "d 17 23 I . h . f h. . imet y ormami e ' . t is t e aim o t is proJ ect to 
investigate the nature of such directing effects. Furthermore, 
removal of N6-pivaloyl group from N6-pivaloyl-7 or 9-alkyl-
adenines should not be difficult because N6 -benzoyl group of 
N6-benzoyl-7 or 9-(2,3,5-tri-0-acyl)-D-ribofuranosyladenine 
had been successfully removed by treatment with sodium meth -
oxide4b,24. Thus alkylation of N6-pivaloyladenine could be 
a facile route to 7-alkyladenine. 
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Alkylation of the adenine anion using chloromethyl 
pivalate gave 7- and 9-pivaloyloxymethyladenines, N6-pivaloyl-
adenine and N6-pivaloyl-7-pivaloyloxymethyladenine were 
produced, however no N6-pivaloyl-9-alkylated product could be 
detected in product mixture 18 It was postulated that the 
N6-pivaloyladenine was produced through a base catalysed 
intramolecular migration, in which the 7-pivaloyloxymethyl 
group migrated to N6 position of the purine ring to generate 
N6-pivaloyladenine with an empirical loss of form aldhy e. Sub-
sequent pivaloyloxymethylation of this product occurred 
exclusively at 7 position to give N6 -pivaloyl-7-pivaloyloxy-
methyladenine. Since alkylations of adenine and its deriv-
atives e.g. N6-benzyladenine, under basic conditions occur 
17 
mainly at 9 position , such abnormal substitution pattern 
was re-investigated: N6-pivaloyladenine anion was alkylated 
with chloromethyl pivalate and a ratio of 7:9 alkylation was 
found to be 40.5:1. This is consistent with Rasmussen and 
Leonard's 18 findings (mentioned above). In addition, a small 
amount of 9 alkylation product has also occurred. It thus 
seems that N6 -pivaloyl group on adenine ring exerts some 
effects directing alkylation towards the 7 position. Further 
investigations with the aim to establish the nature of these 
directing effects were carried out. In order to have comparable 
results, it is necessary to have a similar set of conditions 
for all alkylations being studied. Consequently, all the 
alkylations were carried out in the following fashion: 
(a) sodium salt of N6 -pivaloyladenine (3) was generated 
by reacting a dimethylformamide solution of 3 with 5% molar 
excess of sodium hydride. This resulting solution was 
stirred at room temperature for an hour to affect complete 
reaction. 
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(b) the alkylating reagent (10% molar excess) was 
added in one aliquot and reaction was allowed to proceed at 
room temperature for 24 hr. In essence, the alkylation is a 
nucleophile attack on the alkylating reagent by the N6 -pivaloyl-
adenine anion (6). 
Possible sites of alkylation under basic conditions on 
N6-acyladenines: 
Under the basic conditions of sodium hydride in di-
methylformamide, N6 -pivaloyladenine is ionised to form sodium 
N6 -pivaloyladenide (6). Some of the charge of anion would 
be delocalised into then system of the purine ring, however, 
the majority of the negative charge would be localised in a 
sp 2 hybrid orbital of the nitrogens on the imidazole moiety 
of the purine ring. On the N6 -pivaloyladenine (3) there 
are two acidic protons, which can ionise under these basic 
conditions to give an anion whose negative charge resides 
predominantly either on the imidazole ring (6a,6b) or on the 
amide nitrogen (6c). 
CH 3 H3c'1_.cH3 
0
~c /H 
(6c) 
~I 
(6b) 
8 
Because no pK measurement of the adenine in dimethyl-
a 
formamide have been reported in the literature, it is diffic-
ult to ascertain which proton would ionise first in such 
basic non-aqueous medium . The problem was further complicated 
by the lack of information on pK (in water) of N6 -acyladenines 
a 
in general. However, some insight into this problem can be 
obtained by examining the pK values of adenine (7) N6 -
a 
methoxycarbonlyladenine (8) and N6 -ethoxycarbonyladenine (9) 25 . 
Table 1. 
The pKa of adenine and its derivatives. 
pK (in 
a 
water) 
R /H 
"-N 7 R = H 4.15, 9 • 80, . 
N 1/ ..,........N 8 R = COOCH 3 2.27, 9 . 6 3, 12. 1. ~ I N) 9 R = COOC 2H5 2 . 4 , 9.63, 12. 2. 
N \ 
3 R = COC(CH 3) 3 9. 6, 12(estimates, H 
see text) 
The first acidic dissociation constant (in water, 
pKa =4.15) of adenine is attributed to reversible protonation 
of the pyrimidine ring; and the second one (9.80) to deproton-
ation of the imidazole ring 27 . In the case of 8 and 9 
the presence of electron withdrawing group causes a decrease 
of basicity of the pyrimidine ring; this is reflected by the 
decrease of first pK values of 8 and 9. Bendich 25 reported 
a 
that replacing the hydrogen on the amine group with substit-
uents like methoxy- and ethoxy- carbonyl 8 and 9 does not 
exert any significant effect on the electron density of the 
imidazole moiety. Therefore the second acidic dissocation 
constant (in water) of N6-pivaloyladenine (3) should also be 
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around 9.6. The third pK of 8 and 
a 
9 
9 can be associated 
with the ionisation of the amide proton; however, it should 
be noted that this pK value is the ionisation of the amido 
a 
proton from the anions of 8 and 9 respectively after the 
imidazole proton has been removed. Because of the similarity 
between the structures 8, 9 and 3 the third pK of 3 would 
a 
be expected to be around 12. Thus at least in aqueous alkaline 
solution the imidazole proton of 3 could be expected to 
ionise first. 
Further information regarding the site(s) of deproton-
ation of N6-pivaloyladenine comes from uv spectral studies. 
Table 2 
Uv spectral data of N6 -pivaloyladenine and its benzyl derivatives 
Compound 3 :\(ExlO) of sample in 95% ethanol solution 
p 'v 7 pH 'v 1 pH 'v 12 i1A a 
max 
N6-Pivaloyladenine 258 (sh) 275 2 84 284 -280 = 4 
276 (sh) 2 82 
280 
290 
9-Benzyl-N 6-pivaloyl- 258 276 305 305 - 274 = 31 
adenine 274 2 82 
282 
7-Benzyl-N 6-pivaloyl- 276 276 310 310-276 = 34 
adenine 30 8 308 
319 317 
N6-Benzyl-N 6-pivaloyl- 2 80 281 286 286 - 280 = 6 
adenine 
a L1Amax = Amax (pH 'vl2) - :\max (pH'v 7) in nm. 
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The uv spectral data under basic conditions suggests 
that the N6-pivaloyladenine is ionised to some species whose 
chromophore is very different to the ones derived from 9-
benzyl-N6-pivaloyladenine and its 7-benzyl isomer, but is 
similar to the ionised species for N6-benzyl-N 6-pivaloyadenine. 
In other words, under this basic condition in ethanol, ionis-
ation of N6-pivaloyladenine occurs at the imidazole proton 
rather than the amido one. Attempts to employ dimethylform-
amide as the solvent for similar uv spectroscopic investigat-
ion failed to give meaningful results as dimethylformamide 
absorbs strong at the region of interest. It is interesting 
to note that the results of alkylation studies reveal that 
monoalkylation always occur at the imidazole ring: 
would imply that in dimethylformamide the imidazole 
is more easily formed than the amide anion,(6c). 
this 
anion 
Possible conformations of N6-pivaloyladenine anion 1n di-
methylformamide 
~a,6b) 
Before examining the alkylation of N6-pivaloyladenine 
anion (6) in dimethylformamide, some understanding of the 
possible conformers of 6 would be helpful. According to 
Parker 27 , anions are not well solvated in dimethylformamide; 
this is because the solvent being aprotic is incapable of 
hydrogen bonding to negatively charged species, and the 
positive end of the dipole of solvent is sterically hindered 
so that negative ion-dipole interaction is slight. Some inter-
action between large anions and the solvent may occur due to 
the polarisability of large anions. Without any solvent inter-
action, the N6-pivaloyladenine anion can adopt two kinds of 
conformations, (a) where the planar amide linkage is in con-
jugation with the rest of the purine ring and (b), where the 
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amide linkage is twisted away from the plane of the purine 
ring. With the aid of models, probably the most stable con-
formers out of the four possible ones in (a) would be l0a, 
structurel0b only represent a whole range of conformers where 
the amide link is not planar but at any angle away from the 
plane of the purine ring. Both structures, 10b and l0bhave 
the anionic charge predominantly on the imidazole ring, how-
ever, it is reasonable to assume that the charge would probably 
be spread from the inherently electron rich imidazole across 
into the pyrimidine ring. Furthermore, both structures 10a 
and l0bhave retained the favoured planar configuration for the 
amide linkage. Of these, the structurel0a would probably be 
preferred as the greater amount of conjugation is achieved 
even at the expense of possible unfavourable dipole-lone pair 
interaction between amide carbonyl and the lone pair of Nl. 
A N N) l O 0 
~ -..._N 
N Ll 
( l 0a 1 
Solid ir evidence (vide infra) suggests, that in the N6-pivaloyl-
9-alkyadenine molecule the planar amide link is coplanar to 
the purine ring, whereas the N6-pivaloyl-7-alkyadenine is not. 
With the aid of models, it becomes evident that the presence 
of an alkyl group (even a small one like the methyl) at the 
N7 position cause sufficient nonbonding interaction with the 
N6 -pivalamido group, as a result the planar amide link is 
twisted away from the plane of the purine ring. Furthermore 
their evidence also suggests that in the N6 -pivaloyladenine 
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molecule, the amide link is coplanar with the purine ring. 
Therefore it is reasonable to assume that the structurel0a 
is probably the preferred conformation of the anion 10 in 
dimethylformamide solution. 
12 
Theoretical interpretation of alkylation on N6-pivaloyladenine 
anion (10): 
The alkylations of N6-pivaloyladenine carried out under 
the conditions of our investigations were irreversible. In 
all N-alkylations of purine reported in literature, the revers-
ibility of the formation of any N-alkyl isomer has not been 
reported, nor is there any report on the interconversion 
between alkyl isomers on nitrogens of the imidazole ring: The 
isomeric alkylation products of our investigations are produced 
under a single set of reaction conditions from same starting 
materials, the N6-pivaloyladenine anion (10) and an alkylating 
reagent; these isomeric products are the consequences of new 
bond formation fusion between the primary carbon atom in the 
II 
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I, 
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11, 
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alkyl group and one of the two nitrogen atoms of the imidazole , 
moiety of the purine ring. It is therefore reasonable to 
assume that the two isomeric products came from very similar 
reaction pathways, and that the different amounts of 7 and 
9 alkylation resulted from the difference in the free energy 
of activation of the corresponding reaction paths. The ratio 
of 7:9 alkylated products would then be a measure of the 
difference in free energies of their corresponding transition 
states, 66Gf. Looking at Table 3, a broad range of 7:9 sub-
stitution ratios from 40:1 down to 1:8, that is, the amount of 
7-alkyl isomer produced range between 98 % to 10 % of the crude 
product mixture. Such a range however, represent only a 
difference in free energy of activation at 25° between the 
I 
13 
Table 3. 
Alkylationa of N6-pivaloyladenine under basic conditions 
Alkylating Reagent 
I (CH3) 3CCOOCH 2Cl 
II c 6H5CH 2Cl 
d 
III C6H5CHzOCHzCl 
IV (CH 3) 3CCOCH 2Cl 
V (CH3)3CCHzCHzCl e 
VI C6H5CHzBr f 
VII CH 3I 
VIII p-CH 3c 6H4so 2ocH 3 
Relative% of alkylated 
b products 
7 isomer 9 isomer 
97.6c 2.4c 
9.9 83.0 
48.0 52.0 
15.0 85.0 
10.3e 89.7e 
9.3 85.6 
33.6 66.4 
33.0 67.0 
Ratio of isomers 
7:9 
40.5:1 
1:8.4 
1:1.1 
1: 5. 7 
1: 8. 7 
1: 9. 2 
1: 2. 0 
1: 2. 0 
a The alkylation conditions are similar to those described 
on p.6. 
b Relative% of alkylated products are estimated, unless other-
wise stated, by nmr analyses on the crude products mixture. 
The estimated error ist5%. 
c The relative% in these cases are estimated by chromato-
graphic separation followed by quantative uv spectroscopic 
analysis. The estimated error is >±5% 
d~f Alkylations produced N6 ,9-dibenzyl-N 6-pivaloyladenine as 
the third product with relative proportions of 6.1 and 5.2% 
respectively. 
e The alkylation was carried out at 100° for 108 hr, and the 
relative% is based on weight of the isolated products. 
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Reaction co-ordinate • 
two isomers of about -2.3 Kcal per mole (for the 7:9 ratio of 
40:1 in case of pivaloyloxymethylation) to about +1.3 Kcal 
per mole (for a 7:9 ratio of 1:9 benzylation) thus a range of 
about 3.6 Kcal per mole. Since the difference in free energy 
of activation of transition states of 7- and 9-alkylation is 
not a very great one, any factor capable of causing energy 
change of such magnitude can drastically alter substitution 
pattern of N6 -pivaloyladenine. 
Thermodynamic stability of a transition state can be 
dependent on numerous factors, however, since in each alkylation 
to produce 7- and 9-alkyl products, both the starting materials 
and the conditions of reaction are identical, the difference 
in free energy between the two transition states may be narrowed 
down to the following two major factors: (a) the inherent 
electronic densities of the nitrogen atoms at 7 and 9 positions 
of the N6-pivaloyladenine anion (10) and (b) thermodynamic 
requirements of the incipient Nx-C bond and concomitant 
thermodynamic requirements of the rest of the N6 -pivaloyl-
I 
15 
adenine molecule due to such a bond formation. The thermo-
dynamic requirements of the incipient Nx-C bond consist of 
the steric requirements during its formation and its thermo-
dynamic stability. Steric requirements of the Nx-C bond 
during its formation is something more easily defined and 
such requirements even in transition states have been fairly 
well studied, as long as some idea of the geometry of the 
transition state is known, the nature of these requirements 
can be estimated with some certainty. Because of this, the 
steric requirements will be treated as a separated item from 
the thermodynamic stability of the Nx-C bond. The thermo-
dynamic stability of Nx-C bond is something more difficult 
to define: it includes the Nx-C bond strength, and the solva-
tion of the reactants, transition state and the products of 
such bond formation. It also includes the electronic factors 
involved during the Nx-C bond's formation. These electronic 
factors are closely related to the TI system of the molecule. 
According to Parker 27 SNl reactions are not common 
in dipolar aprotic solvent. The initial ionisation of alkyl-
ating reagent e.g., analkyl halide, into alkyl carbonium ion 
and halide anion is not favoured. This is because the anion 
is not solvated in such solvent; the energy gained by sal-
vation of the bulky cation through ion-dipole interactions 
and polarisibility effects with the solvent molecules, is 
probably insufficient to compensate the energy requirement 
for such an endergonic process. Furthermore the unsolvated 
anion, if formed, would be an extremely good nucleophile 
(large charge density) and would immediately attack the alkyl 
carbonium ion to give the starting alkylating reagent. In 
SN2-like processes, the N-C bond formation between the nucleo-
phile N, and the central carbon C of the alkylating reagent is 
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concerted with the C-X bond breaking by the leaving group X. 
Since in the alkylation of N6 -pivaloyladenine anion ( 10) to 
produce N7- and N9-alkyl isomers, the leaving group and the 
steric requirements of the central carbon Care the same (the 
same alkylating reagent is used) it is therefore, reasonable 
to assume that thermodynamic requirement of the C-X bond 
breaking is very similar. Thus, in consideration of the 
difference in free energy of activation between the two trans-
ition states involving N6 -pivaloyladenine anion (10) and the 
alkyl halide, it is possible to neglect the thermodynamic 
requirements for the breaking of the C-X bond, and concentrate 
the thermodynamic requirements of the incipient X on N -C bond, 
and the concommitant requirements of the rest 6 of the N -
pivaloyladenine molecule. 
The SN2 transition state. 
28 Ever since Hughes and Ingold formulated the SN2 
reaction mechanism, much attention had been paid to the trans-
ition states of this type of reaction. A current view of 
these transition states is, that there is a wide spectrum of 
transition states of reactions proceeding through the SN2 
reaction mechanism; that the transition state is usually in 
between the two extremes: the loose (_llland the tight (_121 
SN2 transition states 29 , 30, 3 l_ 
In any SN2 transition state, unless the leaving group 
X, is the same as the nucleophile N (e.g., *I + RI exchange 
reactions), the incoming of N and the outgoing of Xis never 
exactly synchronous. If the breaking of C-X bond occurs 
ahead of the forming of C-N bond, such non-synchronous pro-
cess would generate some positive character on the central 
carbon C. This transition state is referred to as the loose 
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transition state (depicted by 11 in figure 1). If the C-N 
bond forming is synchronous with the C-X bond breaking, the 
negative of the nucleophile N is spread over three atoms N, 
C, and X; as a result the central carbon C aquires some neg-
ative character. This is the tight transition state (12). 
Between these extremes, any SN2 transition state can be referred 
to as tighter or looser according to its relative position in 
the SN2 transition state spectrum. 
According to Strei twieser-3 2 during the transition state, 
.d/lom 
rehybridisation of the orbitals in the central carbonation of 
the substrate occurs. In early SN2 transition states, the 
three inert orbitals (inert as far as this displacement of 
3 halide is concerned) on the central carbon C change from sp 
into somewhere intermediate between sp 3 and sp 2 and the "react-
ion" orbital rehydridises from sp 3 towards p; whilst the 
interaction between the latter and the "reaction" orbital (for 
convenience sp 3 is used) of the nucleophile N increases (depicted 
by 13 in figure 2). In late transition states the three inert 
orbitals of the central carbon C have changed from p back to 
somewhere between sp 2 and sp 3 orbitals and the reaction orbitals 
18 
become sp 3 orbital. In the tight SNZ transition state how-
ever, the three inert orbitals of the central carbon C is 
hybridised to sp 2 and its reaction orbital is now a p orbital; 
interactions between N and C, C and X occur through their 
reaction orbitals, viz. sp 3 and p, p and sp 3 respectively, 
(depicted by 14 figure 2). The three atoms as a result, are 
very close to each other. Using LCAO the three reaction orbit-
als, viz. sp 3 orbitals of nucleophile N, the newly generated 
p of central carbon C and the sp 3 of leaving group X, give 
three molecular orbitals the lower two of which, one bonding 
and one nonbonding, are filled with two electrons each. The 
net effect is such that a delocalisation of the charge of 
nucleophile over these three N, C and X atoms has occurred. 
Figure 2 
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There is no molecular orbital calculation on either 
N
6
-pivaloyladenine(3)or its anionlO in the literature; calcul-
ations on adenine but not its anion have been recorded 33 , 34 : 
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these concluded that in t he ground state N9-H is energetically 
favoured. Pullman et al~3 indicated energy difference between 
Ng-Hand N7-H viz. the two tautomers of adenine, as 6-15.3 Kcal 
per mole and using different method of calculation Dewar and 
his co-workers 34 put it at a figure of about 0.5 Kcal per mole. 
Unless some favourable intramolecular interaction between N7-
alkyl and the 6-amino group of purine occurs, nonbonding inter-
actions between the planar 6- amino group and the alkyl group 
R of alkylating reagent would cause the N7-R bond to be harder 
to form; therefore it is reasonable to assume that in adenine 
the N9-R bond formation is also thermodynamically favoured. 
This trend of stability is further extended into N6 -pivaloyl-
adenine with the same proviso that no favourable intramolecular 
interaction between the N7-alkyl and N6-pivaloylamido group of 
adenine in N6-pivaloyl-7-alkyladenine occurs. 
The absence of molecular orbital calculations on 
N6-pivaloyladenine anion (lO}in the literature makes it difficult 
to estimate the electronic densities on the two nitrogen atoms 
N7 and N9 on the N6-pivaloyladenine anion (10).Since the 7:9 
alkylation ratio can be taken as a measure of the difference 
in the free energies of their corresponding transition states 
66Gf (p. 14), then this 7:9 ratio could provide an estimate of 
the inherent electronic densities at N7 and N9 on 10 if other 
factors governing 66Gf are kept as low as possible. This may 
be possible by the use of an alkylating reagent which is very 
reactive in the classical SNl sense. Alkylation of with such 
a reagent in dimethylformamide would proceed through a loose 
SN2 transition state. In such a transition state both the 
steric requirements governing the approach of alkylating site 
Nx, to central carbon C, and the thermodynamic stability require-
ments of the Nx-C bond formation would become important. 
I 
Ii 
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The 7:9 alkylation ratio would then give an estimate 
of the difference in electronic densities at N7 and N9 of the 
N6-pivaloyladenine anion (101 at the transition state. In 
the loose transition state the electronic requirements of this 
transition state should be similar to that of the starting 
material. Thus the 7:9 alkylation ratio so obtained would 
provide an estimate to the relative inherent electronic dens-
ities at N7 and N9 of 10. 
Alkylation of N6-pivaloyladenine anion llO) using alkylating 
reagent with same leaving group. 
Looking at the table 4 p.20 the most SNl reactive 
alkylating reagent is benzyl chloromethyl ether. This reagent 
was then used for estimating the inherent electronic densities 
between N7 and N9 of the N6 -pivaloyladenine anion (see above). 
The 7:9 alkylation ratio was 1:1.1. If the assumptions ment-
ioned in the above paragraph are true, this ratio implies an 
approximately equal electronic densities in the 7 and 9 posit-
ion of the N6-pivaloyladenine anion llO}. 
I 
II 
III 
IV 
V 
a 
Table 4 
Alkylationa of N6 -pivaloyladenine anion using alkylating 
reagent with the same leaving group. 
Alkylating Reagent Ratio of isomer 
RX 7: 9 
(CH 3) 3CCOOCH 2Cl 40.5:1 
C6H5CH 2Cl 1: 8. 4 
C6H5CHzOCHzCl 1:1.1 
(CH 3) 3CCOCH 2Cl 1:5.7 
(CH3)3CCHzCHzCl 1: 8. 7 
The alkylations were carried out according to method described 
on p. 6. 
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In the literature, both 6-chloropurine, its 8-isomer 
and purine itself had been methylated under basic conditions. 
It can be assumed that since steric requirement of methyl group 
is low, methylation of purine itself would give a fairly good 
indication on inherent electronic densities on the nitrogens of 
imidazole ring. Bredereck et al 7 reported the methylation of 
purine using dimethylsulphate in aqueous potassium hydroxide 
gave only 9-methylpurine, no trace of 7-isomer was found. 
Since this was done in aqueous solution, it may not give a 
true picture of the inherent electronic situation on the nitrog-
ens of the imidazole ring. In the case of 8-chloropurine, the 
chlorine atom is situated at position equal distance away from 
N7 and N9 nitrogen atoms; therefore, it is reasonable to 
assume that its effect on the electronic densities at these 
positions is such that their relative ratio would not change. 
The methylation of 8-chloropurine35 using methyl iodide 
dimethyl sulphoxide containing potassium carbonate gave 
of 7:9 alkylation as 1:1.8 (based on isolated yield). 
in 
ratio 
This 
seemed to suggest 9-position has a higher electronic density. 
6-Chloropurine has been methylated by the same conditions to 
give a mixture of 7- and 9-methylated products. Separation of 
such a mixture of crude products proved difficult 35 , 36 , 3 J. 
Such a mixture was successfully converted to a mixture of 7-
and 9-methyl-6-purinethiols which were separated by fractional 
crystallisation from hot water~ 6 A 7:9 methylation ratio of 
6-chloropurine based on the isolated pure thiols was estimated 
roughly to be 1:1. If the above assumptions are correct, the 
electronic densities of the nitrogen N9 on the imidazole ring 
of chloropurine anions seem to be inherently higher than that 
of N7. Pandit and co-workers 38had attempted HMO calculations 
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on the 6-chloropurine anion to establish the electronic 
densities at N7 and N9 position but failed to reach a concrete 
answer, except the data obtained were consistent with the 
observed preference of "electrophilic attack by the alkylating 
reagent" at the N9 position of the purine ring38 
It is known that the nucleophilic substitutions of 
primary aliphatic halides proceed through classical SN2 trans-
itions states and their reactivities decrease with increase 
of carbon chain length, thus: Methyl, 3.0; ethyl, 1.0; 
39 propy, 0.4; butyl, 0.4 etc. Therefore alkylation under 
basic conditions using l-chloro-3,3-dimethylbutane should have 
a fairly tight SN2 transition state (12). With a tight trans-
ition state steric factors become very important: the presence 
of a pivaloylamido group at the 6 position would resist the 
approach of alkylating site N7 on the N6-pivaloyladenine 
anion (l0ko any alkylating reagent. On the other hand, the 
approach by alkylating site N9 is relatively unrestricted. 
(See figure 3) In the tight transition state, the thermodynamic 
requirements other than steric ones of the incipient bond are 
,f1'e r,,/i_ lkji le ,He 
very important. Since in the ground state N9- 6--~GooAis more 
7 N 
1 
- I k -~ I ; St...Y>1 er 
stable than N C bond A(vide supra p.19), the free energy 
g ·o m~t1 n hJ + 
requirement of incipient N -C bond , would be less than A~ncipient 
7 Q(\ • 
N -c ~--- All this probably indicates that in alkylation 
using the unreactive l-chloro-3,3-dimethylbutane 9- substitut-
ion would be more preferable than 7. Furthermore, in SN2 
transition state the approach of nucleophile N has to be 
linear to the path along which the leaving group departs. In 
the preferred conformation of the l-chloro-3,3-dimethylbutane 
(figure 4 ), and approach by N along such a path would cause 
large nonbonding interaction between itself N and the t-butyl 
2.3 
N 
CH 3 
N 
I CH3 I 
H 
H H H 
/! 
H 
H 
Cl Cl 
Figure 4 Figure S 
Some conformers of l-chloro-3,3-dimethylbutane. 
Figure 3. 
The approach of a neucleophile N onto 
N6-pivaloyladenine anion. 
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group. Such kind of interaction can be removed by twisting 
the Cl-CZ bond to give what probably is the reacting confor-
mation (figure 5), however in doing so it introduces an 
unfavourable gauche interaction between the chloride and the 
t-butyl groups. This would probably explain the low reactivity 
this reagent posses for SNZ reactions. This agrees well with 
the 7:9 alkylation ratio (1:8.7, based on isolated yield) 
established only after heating the reacting solution at 100° 
for 108 hours (compared with normal alkylation conditions of 
23° for twenty-four hours). It is expected that if alkylation 
is done under normal conditions, the 7:9 alkylation ratio would 
be much less, (calculated to be about 1:15). 
a-Haloketones are well known for their high reactivity 
in SN2 reactions, however their reactivity in SNl alkylation 
is low, because such a process would require the generation of 
a primary carbonium ion adjacent to a carbon which is the 
positive end of the carbonyl dipole. Therefore, the alkylation 
of N6-pivaloyladenine anion ll0)using t-butyl chloromethyl 
ketone in dimethylformamide most likely involves a fairly 
tight SNZ transition state (12t In a tight transition, the 
negative charge of the nucleophile is delocalised over three 
atoms, itself N, central carbon atom C and the leaving group X 
(seep. 18), in this case the a carbonyl adjacent to the central 
carbon is quite capable of delocalising the negative charge 
so generated on the central carbon onto its carbonyl oxygen 
atom. In a tight transition state, both steric and thermo-
dynamic requirements of the incipient Nx-C bond favours N9 
substitution (vide supra), therefore the alkylation using this 
a-chloroketone would favour 9-substitution much more so than 
in benzyloxymethylation. This is found to be so (7:9 alky-
lation ratio using t-butyl chloromethyl ketone is 1:5.7 -
I 
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item IV table 4 ) . 
During loose SN2 transition, the central carbon (i.e., 
the carbon at which the leaving group is attached) acquires 
some positive character, whilst during tight SN2 transitions, 
it acquires some negative character (see P·l8). Because the 
benzyl group is capable of delocalising carbonium ion as well 
as carbanion into its benzene ring, nucleophilic displacement 
of chloride ion from benzyl chloride by the N6-pivaloyladenine 
anion ( 10) can undergo either a loose 01 l, or tight ( 13) SN2 
transition state. 30 Indeed Ko and Parker reported that depend-
ing on the nature of para-substituents on the benzyl group in 
a series of benzyl halides, their SN2 transition states can 
range from a relative tight one (as in the case of p-nitrobenzyl) 
to loose SN2 (p-methoxybenzyl) transition state. 
At a loose transition state 011 the interaction between 
the central carbon C and the nucleophile N was established at 
a distance much longer than the normal bond length; so that 
nonbonding (steric) interaction would be relatively low. Also 
at such a distance, the electronic densities of the nitrogen 
atoms on the imidazole moiety of the purine ring is an import-
ant consideration, and the thermodynamic stabilities of the 
9 7 N -C and N -C bonds would, in this case, be of less importance 
in determining the 7:9 alkylation ratio. However since the 
classical SNl reactivity of benzyl halide is lower than that 
of benzyl chloromethyl ether, the 7:9 alkylation ratio of 
benzylation is therefore expected to be less than that of the 
benzyloxyrnethylation (1:1.1). The magnitude of the 7:9 
alkylation ratio using benzyl chloride was found to be 1:8.4 
(item II table 4). The alkylation using l-chloro-3,3-di-
methylbutane proceeds through a relatively tight SN2 transition 
state; such an alkylation gave a 7:9 alkylation ratio of 1.15. 
-
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Therefore, the alkylation of N6 -pivaloy ladenine anion (10) 
using benzyl chloride has a transition state relatively tighter 
than that of benzyloxymethylation but relatively looser than 
that of alkylation using l-chloro-3,3-dimethylbutane. 
In polar solvent, chloromethyl pivalate is known to 
readily undergo chloride displacement through a SNl reaction 
mechanism. Its SNl reactivity however, is lower than that of 
chloromethyl ether. This is as expected because the carbonium 
ion is more readily stabilised by the ether oxygen through 
mesomerism than by the ester oxygen, as the latter is heavily 
involved in stabilisation of the adjacent carbonyl dipole. 
The transition state of pivaloyloxymethylation of N6-pivaloyl-
adenine anion should be relatively tighter than that of benzy-
loxymethylation. That is to say, the transition state of the 
former would be more subject to the thermodynamic requirements 
of the Nx-C bond formation and its steric factors than in the 
case of benzyloxymethylation. The influence of these two 
factors on the transition state would depend on how much later 
the transition state is compared with that of the benzyloxy-
methylation. However, it was established in previous sections 
that both these two factors favour 9-substitution, so that 
the 7:9 alkylation adenine using chloromethyl pivalate should 
be less than that of benzyloxymethylation (1:1.1). This is 
incons ~stent with the experimental finding of 40.5:1 (item I 
table 4 ). To have such large preference of 7-alkylation over 
9 is inconsistent with a restricted approach, in fact, such a 
large preference would strongly suggest an assisted approach 
by some factor so far been neglected in the development of our 
hypothesis. One such kind of attraction would be hydrogen 
bonding. This can occur between the N6 -amido proton of the 
N6-pivaloyladenine anion and the carbonyl dipole of the ester; 
27 
such kind of bonding should be similar in strength to the 
hydrogen bonding between the arnido proton of N methylacetamide 
and the carbonyl dipole of another molecule of N methylacetamide. 
The strength of such hydrogen bonding is estimated to be 3.5 
Kcal per mole 40 . 
However, the solvent dimethylformamide itself is also 
capable of forming hydrogen bonding through its carbonyl dipole 
with the N6 -pivaloyladenine anion (10). It would be necessary 
then to replace the solvent molecule hydrogen-bonded tolO with 
an alkylating reagent molecule which is capable of such bond 
formation. Such a replacement requires energy, and the gain 
in energy due to formation of a hydrogen bond (3.5 Kcal per 
molecule - see above) is thus reduced. Such an effect may only 
play a minor part in causing the remarkable change in the 
alkylation pattern of N6 -pivaloyladenine anion(lO). 
It is evident however that a molecule of the solvent 
(dimethylformamide) is probably hydrogen-bonded with the N6 -
amido proton of N6-pivaloyladenine anion (10). If the anion 
is in its preferred planar conformation IDa(see p. 11) the 
7 hydrogen-bonded reagent would interfere with any N -C bond 
formation, such that it would be necessary to disrupt this 
hydrogen bonding before any interaction between the alkylation 
7 c: h l or V\-\ ... tl j f e e 
site N and the ecntral carbon C of the alkylating reagent can 
occur. Such requirement would be independent of the nature 
of the SN2 transition state, but it would increase the energy 
requirement of the N7--c--X transition state~ All this Hould 
means that for the alkylating reagent incapable of forming 
hydrogen bonding with 10, the abovementioned factor would 
further favour 9-substitution. 
For those alkylating reagents capable of forming hydrogen 
bonding with the N6 -amido proton viz. chloromethyl pivalate 
28 
and t-butyl chloromethyl ketone, energy lost in disruption 
of the hydrogen bonding between solvent molecule and N6 -amido 
proton of 10 may be largely compensated by the formation of a 
new hydrogen bond between the later and the carbonyl dipole of 
the reagent. Consequently, in the alkylation using chloromethyl 
pivalate where the transition state is relatively loose, such 
new hydrogen bond formation would have the effect of 'locking' 
the alkylating reagent at the neighbourhood of N7 alkylation 
site on the purine ring; as a result, a preference of ]-sub-
stitution would occur. 
(l O l 
In the alkylation of anion 10 using t-butyl chloromethyl ketone 
such hydrogen bonding between the N6 -amido proton and the 
carbonyl dipole of the ketone also occurred. However, this 
alkylation is established to proceed through a tight SNZ trans-
ition state (vide supra), and using space filling molecular 
model it may be seen that it is impossible to have a tight SNZ 
transition state between the N7 alkylating site of N6 -pivaloyl-
adenine anion (10} and the t-butyl chloromethyl ketone without 
causing disruption of the hydrogen bond. As a result, such 
factor would be insignificant in the tight SNZ transition state, 
I 
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and would not affect the alkylation pattern of N6-pivaloyl-
adenine using t-butyl chloromethyl ketone. 
Hydrogen bonding had been suggested as a means to 
stabilise the transition state in alkylation reactions in di-
. 38 
methylformamide containing potassium carbonate . Such 
stabilisation was postulated to be the cause of abnormally 
high 9-alkylation in the alkylation of 2-amino-6-chloropurine 
where 7:9 alkylation ratio based on isolated yield was 1:44. 
A hypothesis based on tight and loose SN2 transition 
state had been developed and such hypothesis can be used to 
explain, in qualitative terms, most of the results obtained 
from alkylation of N6-pivaloyladenine anion. This hypothesis 
however failed to explain the fact that pivaloyloxymethylation 
of N6 -pivaloyladenine alone gave a reverse substitution 
pattern, i.e., a very good yield of ?-substituted product was 
obtained whilst only trace of 9-substituted product was detected. 
It was assumed at the beginning of this project that there 
were some directing factors in the N6-pivaloyladenine causing 
such considerable change in substitution. It seems likely 
that the chlorornethyl pivalate have some role to play as well. 
Such directing factors however still remain undefined. 
It should be noted that alkylation of adenines and 
chloropurines under basic conditions appeared often in chemical 
1 . 1 . iterature However, so far, only three papers had appeared 
which were reports designed to systematically study the alkyl-
ation pattern; two of these were alkylation of 6 chloropurines 
and its derivatives in dipolar aprotic solvents containing 
8 38 pot ass i urn carbonate ' ~ The 7:9 alkylation rati os so obtained 
(based on isolated yield) varies from 1:2.6 (in case of benzyl-
ation) down to cases where only traces of ]-alkyl isomers (in 
most other cases studied) were detected 8 . The third paper 
. 
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was on alkylation of adenine and its derivatives in dimethyl-
£ . d . . d. h d . d 41 N f h d ormam1 e conta1n1ng so 1um y r1 e . one o t ese attempte 
to explain the substitution pattern or offered any concrete 
hypothesis to explain the isolated cases where predominant 
substitutions at 7 position occurred. All this seems to suggest 
that researchers in this field are aware of the problem but 
cannot offer any satisfactory explanation for it. 
' 
' 
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Al ky l at ion s of N 6 - pi val o y l adenine an 1 on us in g al ky l at i n g 
reagents with scme alkyl groups: 
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In previous series of this investigation, it was 
assumed that the effect of bond-breaking between the central 
carbon C and halide leaving group X would be reflected by the 
electronic requirements for the bond-forming between central 
carbon C and the nucleophile N. Furthermore, a constant leav-
ing group, the chloride, was used in the series so that leav-
ing group tendency throughout the series would be constant. 
Consequently, in considering the free energy of activation of 
the transition states, attentions were focused on (a) the 
electronic densities at the two nitrogens, N7 and N9, on the 
N6 -pivaloyladenine anion (10) and (b) the interactions between 
the central carbon C of the alkylating agent and the nucleo-
philic anion 10. A further series gives information on the 
effect of leaving groups tendencies on the free energy of 
activation of the respective alkylations by using alkylating 
reagents, containing the same alkyl groups, to alkylate the 
N6 -pivaloyladenine anion (10). 
Methylation with methyl p-toluenesulphonate in protic 
solvents is also believed to go through a classical SN2 type 
transition state 42 . In dimethylformamide such an alkylation 
would proceed through a relatively tight transition state 
The 7:9 alkylation ratio obtained is 1:2.0. In methylations of 
N6 -pivaloyladenine anion 10 using methyl iodide and methyl 
p-toluenesuphonate, the alkylations were done in very similar 
conditions, e.g., temperature, solvent and concentration. It 
was established in the previous section that the 7:9 alkylation 
ratio is dependent on the thermodynamic requirements of the 
incipient Nx-C bond and the electronic densities at the N7 and 
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Table 5 
Alkylations a of N6-pivaloyladenine anion in dimethylformamide 
Reagent 
(molar excess) b N6 9- d RX NaH RX 7:9 ratio 
' 
I c6H5CH 2Cl 5% 10% 1: 8. 4 6. 1 
II c6H5CH 2Br 5% 10% 1: 9. 2 5. 2 
5% 10% C III CH 3I 1:2.0 
IV CH 3OTs 
e 5% 10% 1: 2. 0 C 
V C6H5CH 2Cl 30% 12.5% 1:3.7 14.0 
VI C6HSCHzBr 40% 15% 1:3.8 36.0 
VII CH 3I 35% 10% 1:6.S 6.4 
VIII CH 3OTs 
e 52% 11% 1: 6. 8 8. 2 
a Alkylation conditions ,are similar to those described on 
p. 6. 
b 7:9 ratio is the relative proportion of 7-alkylated product 
to that of 9-isomer established, unless otherwise stated 
by nmr analysis. 
C 7:9 ratio was established by combined chromatographic and 
uv spectral analyses. 
d N6 , 9-dialkyl derivative expressed as a% of the sum of the 
relative amounts of all components. 
e OTs is p -toluenesulphonyl group. 
N9 positions on the purine ring of the anion 10. Since the 
inherent electronic densities at N7 and N9 positions of the 
anion 1 O are as sum e d to be about the s am e ( s e e p . 2 0 ) , the 7 ; 9 
alkylation ratios of both methylations would then be a measure 
of the thermodynamic requirements of the incipient Nx-C bonds 
in the two reactions. In SN2 transition state, the extent of 
the bond-breaking between the leaving group X, and the central 
-
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carbon C is related to the bond-forming between the nucleo-
phile N and Cina reciprocal manner. The 7:9 alkylation 
ratios of these two methylations would therefore, give some 
information about the role of leaving groups played in the 
corresponding transition states. Since very similar alkylation 
ratios were obtained in both methylations, this seems to indic-
ate that in their respective transition states, the C-I and 
C--OTs bonds have the same degree of relative tightness. 
However, Parker suggested that the C--OTs bond should 
be relatively looser than C-I for a given set of reaction 
d . . 31 con itions (e.g., same nucleophile, same solvent, and same 
concentration etc.). This would imply that in the transition 
state (15) between N6-pivaloyladenine anion (l 0) and methyl 
iodide would be relatively earlier than the transition state 
between (l6)and methyl p-toluenesulphonate. That is to say the 
Nx-C interaction of 15 would be relatively looser than Nx-C 
bond of 16. Since it has been established in previous section 
that in alkylation of 10, the looser the Nx-C bond in a SN2 
transition state the higher the 7:9 alkylation ratio would be. 
Therefore, the 7:9 alkylation ratio in the methylation of 
using methyl iodide would be higher than that in the methylation 
using methyl p-toluenesulphonate. However, the experimental 
result is inconsistent with the result independently arrived 
at by the use of the hypothesis based on the looseness and 
tightness of the SN2 transition state. 
The C-Cl bond strength is known to be greater than 
that of C-Br bond 43 Therefore, the transition state (_17) in 
the alkylation between N6 -pivaloyladenine anion(l0} and the 
benzyl bromide is expected to be earlier than that 18 of l 0 
benzylation using benzyl chloride, as such that the incipient 
Nx-C bond ofl7 is relative looser than that of 18. Thus 7:9 
34 
alkylation ratio of benzylation using benzyl bromide would be 
higher than that of benzylation using benzyl chloride. It was 
31 
suggested that in the SN2 transition states the bond-break-
ing of C-Br and C-Cl under the same set of reaction conditions 
(same solvent, same temperature in which the reactions were 
carried out, etc.) would have the same degree of looseness or 
tightness. If the above is correct, the 7:9 alkylation ratios 
of both benzylations would be roughly equal. The ratios for 
benzylations using benzyl chloride and benzyl bromide were 
found to be 1:8.4 and 1:9.2 respectively (items I and II, table 
5). Such ratios are different to the ones arrived at by 
using Parker's suggestioJ
1
and bond strength considerations. 
Both benzylations of N6 -pivaloyladenine anion (10) 
using benzyl chloride and benzyl bromide give N6 ,9-dibenzyl-
N6-pivaloyladenine (19) as a minor product but no N6 -benzyl-
N6-pivaloyladenine (20) was detected. Compound 19 can theor-
etically be derived from either benzylation of a dianion or 
further benzylation of a monobenzyl-(N 6 or 9)-N 6 -pivaloyladenine 
anion. The reaction conditions used in the alkylation are 
such that it is not possible to generate an anion after the 
alkylating reagent was added. Therefore 19 had to be derived 
from a dianion. 
Alkylation using vast excess of sodium hydride and 
benzyl chloride give an interesting result viz. an increase 
in 7-substitution when vast excess of the alkylating reagent 
was used (items I and V, tables). It is highly probable 
that the alkylation pattern of the dianion is very different 
from that of the monoanion; the fact, that the electronic 
density at the region around N7 and N6 position of the N6 -
pivaloyladenine dianion is expected to be very high, could 
contribute to such an observed increase. Similar result was 
3 5 
also obtained when vast excess of sodium hydride and benzyl 
bromide were used (items II and VI). 
It is observed that larger amount of 19 was produced 
in the benzylation using vast excess of benzyl bromide than 
in the benzylation using vast excess of benzyl chloride. This 
is probably due to the fact that in dimethylformamide, benzyl 
bromide had a higher reactivity than benzyl chloride. Montgomery 
17 
and Thomas had reported similar occurrence in dimethylform-
amide; when they attempted to prepare 3,7-dibenzyladenine from 
3-benzyladenine they discovered that only excess benzyl bromide 
but not the chloride would give the desired product. 
Methylation using vast excess methyl iodide or tosylate 
gave very similar 7:9 alkylation ratios (items VII and VIII, 
table 5). Similar 7:9 ratios were also obtained with the 
benzylations using vast excess reagents (items V and VI). 
However, no satisfactory explanation is obvious for both 
methylation and benzylation results when excess reagents were 
used. 
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Pivaloyloxymethylation of N6-acyladenine anions: 
Chloromethyl pivalate is the only alkylating reagent 
so far studied which gives 7-alkyl-N 6-pivaloyladenine as the 
major product. In fact, the predominance of 7-substitution 
was so great that only a trace of 9-alkyl-N 6-pivaloyladenine 
was detected. So far, no satisfactory explanation can consist-
ently explain all observations from the alkylations; in partic-
ular none can explain the observed strong predominance of 
7-substitution when chloromethyl pivalate is used. A further 
series was devised to reveal the possible role the N6 -amido 
group plays in pivaloyloxymethylation. 
R 
l 
0~ 
C 
Table 6 
Pivaloyloxymethylationa of N6-acyladenines 
Effect of the Acyl Groups 
H 
N/ 
N 
I }) 
N 
\ 
H 
N6-acyladenine 
IR= (CH3 ) 3c 
II R = c6H5 
III R = CH3 
Ratiob of 7:9-isomers 
40.5:1 
3.2:1 
2. 8: 1 
a The conditions of pivaloyloxymethylation were similar to 
that described on p. 6. 
b The ratio of 7:9-isomers were estimated by runr spectro-
scopic analyses. 
Looking at Table 6, the 7:9 alkylation decreased 
markedly by changing the alkyl Ron the amido group at N6 
position of the purine ring. Such a change may possibly be 
brought about by changes in the conformations of the anions. 
As mentioned earlier (p.1 0) , the conformations of 
the N6-acyladenines and their anions can be broadly divided 
37 
into two classes (a) the amide linkage is coplanar with purine 
where the lone pair of N6 -amido group is conjugated with both 
the purine ring and the amide carbonyl, and (b) the amide 
linkage is not coplanar and thus not in conjugation with the 
purine ring. 
In the case of N6 -acetyladenine anions (21 l the most 
stable conformer out of the four possible ones in (a) would 
be 21a. The structure 21c only represents a whole range of con-
formers where the amide link is not coplanar but at any angle 
away from the plane of the purine ring. The structure 21~ 
g 
N 
~) 
<0 
(_21 b ) 
would be more stable than 21c because greater amount of con-
jugation could be achieved by the former. The stabilities of 
the structures 21a and 2lb would be very similar: In 21a the 
unfavourable dipole-lone pair interaction between the carbonyl 
dipole of the amide and the lone pair of Nl present in 21b is 
removed; unfortunately, in its place a new nonbonding inter-
action between the methyl group and the lone pair of Nl has 
appeared. However, such a nonbonding would probably be small; 
and consequently, it is reasonable to assume that 21a would be 
• 
38 
the most preferred conformer in dimethylformamide. 
Alkylation of N6-acetyladenine anion (211 with chloro-
methyl pivalate in dimethylformamide should still involve a 
relative loose SN2 transition state. In such a transition 
state, the approach by the anion 21 through its 7 alkylating 
site would still have the hydrogen bonding effect that the 
N6-pivaloyladenine anion (101 had; however 21a now has the 
carbonyl dipole at a direction which would have unfavourable 
dipole-dipole interaction with the chloro dipole on the chloro-
ester. Such unfavourable interaction is absent in the approach 
of N9 alkylating site to the alkylating reagent. In order to 
have 7-substitution to occur it may be necessary to revert 
to the less stable conformer 21b, and this may be the cause of 
reduction in level of 7-substitution (items I and II table 6). 
Pivaloyloxymethylation of N6-benzoyladenine anion 22 
probably also proceeds through a loose SN2 transition state. 
As in the case of N6-acetyladenine anion 21 the most stable 
conformer of 22 in dimethylformamide at room temperature is 
probably 22awhere the benzene ring is in conjugation with the 
rest of the molecule. 
Ii 
11 
39 
With aid of space filling molecular model, the approach 
~' r re~ th ~ ( ti 
of the 1r 7 alkylating site of the anion to the central carbon 
of chloromethyl pivalate would, even in early transition state, 
create some nonbonding interaction between the t-butyl group 
and the ortho-hydrogens of the benzene ring. This nonbonding 
interaction is worsened if any hydrogen bonding between the 
N6 -benzoylamido proton and the carbonyl dipole of chloromethyl 
pivalate is to occur. Such nonb onding interaction is removed 
in the less stable conf ormer22 b where the benzene ring is not 
coplanar with the rest of the molecule. All this probably 
causes pivaloyloxymethylation of N6 -benzyladenine at J position 
less favourable and thus markedly reduced the ratio 7:9 alky-
lation to 3.2:1 (item III, table 6). 
Varying the nature of alkyl group from t-butyl to 
methyl and phenyl on the N6 -acyl group of N6-acyladenine causes 
a reduction in amount of 7-substitution on the purine ring. 
This may be explained mainly in terms of difference in the 
geometry of the N6 -acyladenine molecules. However, experimental 
data indicates the substitution at 7 still predominates. That 
is to say, the alkyl group of N6 -acyladenines plays some part 
in causing such substitution pattern, but to what extent still 
remains to be determined. 
. 
h 
Ii 
CHAPTER II 
, 
40 
Spectral characteristics of N6-acyl-7 or 9-alkyladenines 
Alkylation of N6-acyladenines have not been well studied, 
in fact, only few N 6 -acyl-7 or 9-alkyladenine are recorded1 
Our systematic investigations have revealed some interesting 
spectral characteristic of the monoacyl-monoalkyladenines, in 
particular N6 -monoacyl-7-monoalkyladenines and the correspond-
ing 9-alkyl isomers. Spectral properties of each set are so 
distinct that they can be used for structural assignment of 
6 
unknown N -monoacyl-7 or9-monoalkyladenines, where 7 or 9 alkyl 
substitution is in question. Compared with the alternative 
method of synthesis through an unambiguous route, such spectral 
properties offer a convenient and less tedious way for struct-
ural assignment. 
Uv spectral characteristics of N6-acyl-7 or 9-alkyladenine: 
N6 -acyl-7-alkyladenines and their 9-isomers both have 
the following uv spectral characteristics: 
(a) in general the A at neutral ethanol solution 
max 
is around 275 nm with as of the order of 10 4 
max ' 
(b) uv spectrum in acidic condition (pH~l) is very 
similar to that taken in neutral conditions and 
(c) uv spectrum undergo considerable change when the 
sample solution has been made basic. The A which occurs at 
max 
275 nm when sample solution is neutral or acidic, now under-
goes a bathometric shift to around 300nm when solution is made 
basic. fhe resulting A is unstable and decreases with time, 
max 
probably indicating that some hydrolysis is occurring. 
The uv spectra of N6 -acyl-7 alkyladenine is different 
from its 9-alkyl isomer in that the former has two smaller 
absorption bands (referred to in this thesis as the double hump 
feature) between 300 to 310 nm. The s values are between 
max 
1, 
I 
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225 Fig . B 3 C.:Q 
Uv spectrum of 9-alkyl - 16 -pivaloyladenine (fig . A) 
and 7-alkyl- 6 -piv a loyladenicc (fig . B) . Sample in : 
e t hanol ...... ; ethanolic solutio n pl! r-1 2 , ------ ; and 
e t hanolic solution pl! - 12 , 
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1000 and 2000. Two exceptions to this feature have so f ar 
occurred: (a) in N6-acetyl-7-pivaloyloxyrnethyladenine, the 
double hump feature is absent; and (b) in N6-benzoyl-7-pivaloy-
loxymethyladenine, the double hump is now between 325 and 335 
nm with€ around 5000; i~ corresponding A at 275 deer-
max max 
eases to 5000 as well. This probably indicates that the 
double hump feature is associated with the absorption of the 
6 N -acyl group. In the isolated cases in literature where 
N6-acyl-7-alkyladenine and its 9-isomers were prepared, they 
all exhibited the above mentioned characteristics. The above 
uv spectral properties are depicted in fig. A and B, and the 
abovementioned characteristics of all N6 -acyl-7-alkyladenine 
and their 9-isomers are tabulated in table J. 
6 Some N -acyl-7 or 9-alkyladenines have been reported 
in literature 17 , 24 , they also exhibit the abovementioned 
bathometric shift properties in basic conditions. This seems 
to suggest that the bathometric shift is connected with the 
ionisation of the amide proton. This is supported by the fact 
that N6-benzyl-N6-pivaloyladenine does not exhibit any batho-
metric shift properties. 
~ c e 0 N R 
I 
N1/ I 
~> ~N N 
(2 3a) R' 
\ R' N I I 
NI I N llN 
I 
R' 
H C CH3 CH 31/ 3 
C 
0~ N R 
N) ~ 
l I I N N 
e 
(2 3b l 
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The uv spectrum of 3, 7 ,N 6- tri enzyladenine (24 
which has a Amax above 300 nm, is very similar to that of the 
ionised form of N6-pivaloyl-7-alkyladenine. This implies 
that their electronic structures are very similar. The ionised 
form of 23 is capable of delocalising its negative charge 
into the purine ring, and one of the cannonical form l23a) is 
very similar in electronic structure to 24. Thus the uv 
spectral characteristic would provide a fast qualitative assign-
ment for 7 or 9 alkylation products of N6-pivaloyl- or N6 -
benzoyladenine. 
Nmr spectroscopic properties of N6-acyl-7-alkyladenine and 
its 9-alkyl-isomer 
It is noted that N6-pivaloy-7-alkyladenine and their 
9-alkyl-isomers have distinct differences in their nmr spectral 
data. The positions of the N6-pivaloyl resonances in these 
alkylated adenines are in general different from that of 
N6-pivaloyladenine (3). The different shifts are of small 
magnitudes in order of less than 6 hz; and the direction of 
the shift in general depends on the substitution pattern on the 
imidazole ring. 6 Thus for 7 substituted compounds, the N 
pivaloyl group is shifted upfield and 9 substituted ones down-
field from the N6 -pivaloyl signal of 3. The more in f ormative 
characteristic is the relative position of the N-methylene 
protons signals (or in the case of methylated products the 
N methyl proton signals). The methylene attached to N7 posit-
ion is subjected to the anisotropy of the nei ghbouring amide 
~I"' ..{I 5 r l,n #n ,'° e Cfa_,Pd.S'r I 
group, therefore it should resonate at lower field than the 
corresponding N9-methylene protons. Depending on the type of 
alkyl group the separation between these two methylene signals 
in general is large enough that by visual comparison one can 
easily determine where the position of alkylation on the 
imidazole ring is. 
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Another useful characteristic feature of the nmr 
spectral data is the difference in separation of the two purine 
proton signals (C 2 -H and c8 -H) of the N6 -pivaloyl-7-alkyladenine 
and their 9-alkyl isomers. In general, in the 7-substituted 
compounds such separations are narrower than those in the 
corresponding 9-isomers. Table 8 summarizes such nmr charact-
eristic properties. 
Such characteristic differences are also observed in 
the case of N6 -benzoyl-9-pivaloyloxymethyladenine and its 7-
isomer, as well as the N6 -ace tyl-9-pivaloyloxymethyladenine 
and its 7-isomer. Hence, this characteristic feature may be 
useful for distinguishing between 7-and 9-alkylated products 
of N6 -acyladenines . 
IR spectral characteristic of N6-acyl-7-alkyladenines and 
their 9-isomers 
Examining the amide I bands (the carbonyl stretches) 
of the N6 -pivaloyl-7-alkyladenines and their 9-isomers on 
table 9, it is noted that in general the bands fall into two 
groups: the N6 -pivaloyl-7-alkyladenines have their amide I 
bands situated below 1600 cm- 1 , and the amide I bands of N6 -
pivaloyl-9-alkyladenines around 1700 cm- 1 . In a secondary 
amide, where the lone pair of nitrogen of the amide group is 
in conjugation 
I band is at 1680 
only with the carbonyl group, its amide 
-1 44. 
cm However, in cases where the 
lone pair of the nitrogen is also in conjugation with an arom-
atic system (e.g. amilides) the amide I band is shifted about 
-1 1 15 cm upwards from the 1680 cm- position, this is because 
the lone pair now overlaps with both the carbonyl group and the 
-
. 
L 
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aromatic n system. The position of amide I bands of the 
N6 -pivaloyl-9-alkyladenines suggests, that the lone pair of 
the nitrogen of the N6 -amide group is in conjugation with 
the purine ring. In other words, in the solid state the 9-
alkyl isomers adopt a preferred planar conformation. The 
position of amide I bands of N6 -pivaloyl-7-alkyladenines seems 
to indicate that the lone pair of the nitrogen is not coplanar 
with the purine ring. This suggests even a small methyl group 
at the N7 position of the purine ring can force the bulky N6 -
pivaloylamido group out of the plane of the purine ring. The 
above does not seem to hold in cases studied where the N6 -
acyl group is other than N6 -pivaloyl. Therefore, the position 
of the amide I band alone may not be able to unambiguously 
assign the position of alkylation products of N6 -acyladenine, 
and in such cases other spectral data should be used in con-
junction with their data. 
-
• 
l 
TABLE 7 
Uv spectral data of N6 -acyl-7 or 9-alkyladenine 
Compound Position Aa(Exl0 3) 
5 
R' = (CH 3) 3 CCO 
R = (CH 3) 3CCOOCH 2 
4 
R' = (CH3) 3cco 
R = (CH 3) 3CCOOCH 2 
R' = (CH 3) 3CCO 25 
R = c6H5CH 2 
26 
R' = (CH 3 ) 3CCO 
R = c6H5CH 2 
.. 
of R 
pH'v7 
Amax A . min 
257(sh,ll.5) 229(3.3) 
9 271(16.8) 
274(9.4 237(4. 7) 
7 307(1.8) 315(1.5) 
319(1.5) 
258(sh,ll.5) 235(3.3) 
9 274(18.3) 
282(sh,12. 7) 
276(8.3) 242(4.0) 
7 308(2.8) 303(2.5) 
319(2.6) 310(2.5) 
- - , 
.. 
of sample in 95% 
pH'vl 
Amax 
259(sh,9.6) 
278(15.3) 
250(sh,5.5) 
274(9.5) 
305(1.6) 
318(1.3) 
276(16. 7) 
282(sh,15. 7) 
276(8.6) 
300(2.7) 
319(2.4) 
, 
- -
1 
R H 
'-N....-, 
lOX~-R' N N 
ethanolic solution 
pH'vl2 
A . A A 
min max min 
234(3.9) 304(13.8) 247(3.6) 
237(4.7) 310(14.2) 260(3.6 
315(1.2) 
240(4.3) 305(14.9) 248(4.6) 
242(4.1) 310 (13 .1) 266(4.7) 
~ 
CJ'\ 
303(2.5) 
315(2.3) 
.,, . 
, j 
r 
l 
Compound 
27 
R ' = ( CH 3) 3 C CO 
R = CH 3 
28 
R' = (CH 3) 3CCO 
R = CH 3 
29 
R' = (CH 3) 3cco 
R = C6 H5CH2OCH2 
b R' = ( CH 3) 3 C CO 30 
R =C H CH OCH 
R' = (CH3) 3CCO 31 
R = (CH3) 3CCOCH2 
Position \a (sxl0 3) 
of R 
pH'v7 
>,. >,. 
max min 
274(17.0) 229(3.2) 
9 279(sh,9 .8) 
278(8.95) 249(2.5) 
7 306(1.2) 316(1.0) 
320(1.05) 
258(sh,10.5) 227(3.6) 
9 273(15.7) 
280(sh,12.2) 
280 248 
7 310 30 8 
322(sh) 
273(16.9) 229(2.8) 
9 2 81 (sh, 12. 0) 
of sample in 95% ethanolic solution 
pH'vl pH'vl2 
A >,. >,. >,. 
max min max min 
276(15.2) 238(3.2) 304(11.9) 246(5.0) 
279(sh,13.2) 
277(8.95) 250(2.9) 297(9.8) 245(3.8) 
307(sh,l.15) 
324(0.85) 
258(sh,8.9) 235(3.9) 305(12.2) 249(3.9) 
274(14.5) 
280(sh,13.5) 
280 24 7 30 6 266 
310 308 
322 (sh) 
275(15.6) 241(5.5) 304(10.8) 245(4.1) 
281(sh,14.J) 
+::-
--....J 
j 
, 
l 
Compound Position 
of R pH'v7 
32 
R' = (CH 3) 3CCO 
R = (CH 3) 3CCOCH 2 
R' = (C H3) 3CCO 
33 
R = (CH 3) 3CCH 2CH 2 
bR, = (CH 3) 3CCO 
34 
R = (C H3) 3CCH 2CH 2 
R' = C H CO 6 5 
35 
R = (C H3) 3CCOOCH 2 
R' = C H CO 
36 6 5 
R = (C H3) 3CCOOCH2 
Amax 
279(8.1) 
7 310(4.6) 
321(3.4) 
274(17.6) 
9 285(sh,10.2) 
2 76 
7 308 
321 
231(10.2) 
9 250(sh,9-4) 
257(sh,10.0) 
278(17.9) 
275(4.7 ) 
7 328(5.2 ) 
336 (sh , 4. 9 ) 
Aa (cxl0 3) of sample in 95% ethanolic solution 
A • 
min 
244(4.2) 
303(4.0) 
316(4.1) 
235(3.4) 
227 
303 
317 
245(9.2) 
262(3.2) 
304(2.1) 
-
. , 
--
pH'vl 
A 
max 
279(8.1) 
309(4.0) 
317(3.6) 
277(16.4) 
285(sh,14.0) 
275 
307(sh) 
319 
250(sh,9-2) 
257(sh,9-5) 
279(17.2) 
2 75(4.1) 
324(4.2) 
336(4.1) 
.. 
A . 
min 
242(3.8) 
303(3.7) 
316(3.5) 
240(4.0) 
249 
303 
321 
243(3.8) 
261(3.1) 
. 
pH'vl2 
Amax A . min 
314(13. 2) 264(3.4) 
305(14.0) 246(6.8) 
306 259 
310(16.8) 264(7.2) 
322(14.0) 267(5.5 ) 
. 
... 
+::-
00 
---·------ -----
J 
• 
37 
38 
l 
Compound Position 
R' = CH CO 3 
R = (CH 3) 3CCOOCH 2 
R' = CH CO 3 
R = (CH 3) 3CCOOCH 2 
of R 
9 
7 
a \ expressed in nm. 
pH'v7 
\ 
max 
256(sh,ll.5) 
271(17.0) 
280(sh,12.6) 
253(sh,5.l) 
276(8.6) 
\ a (sxl0 3) 
\ 
min 
230(2.8) 
238(3.6) 
of sample in 95% ethanolic solution 
pH'vl 
\ 
max 
256(sh,10.4) 
272(15.6) 
280(sh,13.8) 
276(8.6) 
253(sh,5.0) 
\ 
min 
233(3.1) 
238(3.5) 
pH'vl2 
\ \ 
max min 
299(14.7) 244(3.5) 
295(9.9) 246(3.3) 
b Quantitative uv spectra were not run as the small amount of compounds isolated were not 
analytically pure. 
~ 
I..O 
., 
j 
• 
Acyl group ( R)a 
(CH 3) 3CCO 
.. 
TABLE 8 
Nmr spectral data of N6-acyl-7 or 9-alkyladenines 
Alkyl group (R')a 
7 - (CH 3 ) 3 CCOOCH 2 
9 -
7 - c 6H5CH 2 
9 -
7 - CH 3 
9 -
7 - C6H5CH2OCH2 
9 -
7 - (CH 3 ) 3ccocH 2 
9 -
9 - (CH 3) 3ccH 2cH 2 
. t a purine pro ons 
1.17, 
1. 2 2 , 
1.41, 
1. 2 0, 
1.26, 
1. 2 2, 
1.00, 
1.10, 
1.40, 
1.20, 
1. 15, 
1.54 
1.75 
1.85 
2.05 
1.83 
1.96 
1.70 
1. 76 
1.80 
1.90 
1.90 
purine protons 
separation (in hz) 
22 
32 
26 
45 
34 
44 
42 
40 
24 
42 
45 
R H 
'-N NP.rt lo O~R' 
N N 
Acyl groupa 
8.58 
8.59 
8.72 
8.60 
8.63 
8.60 
8.70 
8.58 
8.68 
8.58 
8.58 
N-CH -2 
3.74 
3.79 
4.37 
4.55 
6.02 
6.10 
4.25 
4.21 
4.30 
4.70 
5.67 
a 
U7 
0 
l 
j 
• 
,-
.. 
Acyl group (R)a 
c6H5CO 
CH 3CO 
Alkyl group (R')a 
7 - (CH 3) 3CCOOCH 2 
9 -
7 - (CH 3) 3CCOOCH 2 
9 -
purine protons 
1.32, 
1. 1 7, 
1. 0 3, 
1. 12, 
b 
1.58 
1.30 
1.34 
a purine protons Acyl groupa 
separation (in hz) 
17.28b 
25 
16 
13 
1.6-1.8; 2.3-2.57 
1.75-1.95; 2.3-2.5 
7.50 
7.32 
a Resonance signals are reported in T units (ppm downfield from TMS). 
N-CH -2 
3.42 
3.72 
3.50 
3.67 
a 
b Second purine proton signal overlaps with signals of a protons of benzene ring (1.6-1.8). 
This gives a range of separation between c2-H and c8-H to be 17 - 28. 
u, 
~ 
j 
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Table 9 
Amide I band of N6-acyl-7 or 9-alkyladeninesa 
Compound 
N6-pivaloyl-7-alkyladenines 
N6-pivaloyl-9-alkyladenines 
N6-acetyl-7-alkyladenine 
N 6-acetyl-9-alkyladenine 
N6-benzoyl-7-alkyladenine 
N6-benzoyl-9 -alkyladenine 
Alkyl group 
c6H5CH 2 
CH 3 
(CH 3) 3CCOCH 2 
(CH 3) 3CCOOCH 2 
c6H5CH 2 
CH 3 
C6H5CHzOCHz 
(CH 3) 3CCOCH 2 
(CH3)3CCHzCHz 
(CH 3) 3CCOOCH 2 
(CH 3) 3CCOOCH 2 
(CH3) 3CCOOCH 2 
(CH3) 3CCOOCH 2 
Amide -1 I band(cm ) 
1660 
1670 
1680 
1700 b 
1703 
170 5 
1703 
1700 
170 8 
1710(in CHC1 3) 
1700 
1703(in CHC1 3) 
1735 
1710 
a Unless otherwise stated the spectra were run as nujol mull. 
b See ref.18. 
-
. 
CONCLUSION 
,. 
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In the course of the investigation on the nature of 
directing factors of the N6 -pivalamide group in N6-pivaloyl-
adenine towards alkylations under basic conditions, a hypothesis, 
based on the steric and electronic requirements of the trans-
ition states of alkylations, was developed. 
This hypothesis can be used to explain, in qualitative 
terms, the results obtained from the alkylations of N6-pivaloyl-
adenine anion: in particular, most results from alkylations 
using alkylating reagents with a constant leaving group, are 
consistent with those predicted by this hypothesis. However, 
in alkylations using reagents with different leaving groups, 
the results are inconsistent with those arrived at by this 
hypothesis. Furthermore the hypothesis cannot explain the 
large predominance of 7-substitution in pivaloyloxymethylation 
of N6 -pivaloyladenine anion. It should be pointed out that 
alkylations of adenine, 6-chloro- and 6-thiolpurines have been 
frequently reported in the literature. In most cases 9 substit-
ution was favoured and the 7 substitution was reported as the 
minor product, but few exceptions had occurred. None of these 
reports however, had offered any explanation for the observed 
alkylation pattern, even though a few of them were apparently 
designed for such purpose. 
It was found that all 7-alkyl-N 6-pivaloyladenines have 
very similar nmr, uv, and ir spectral properties, which are 
very different from those of their corresponding 9-alkyl isomers; 
these spectral characteristics can be useful for structural 
. f 6 assignment or any 7- or 9-alkylated products of N -pivaloyl-
adenine. 
Varying the nature of alkyl group from t-butyl to 
methyl and phenyl on the N6 -acyl group of N6 -acyladenine causes 
a decrease in the amount of 7 pivaloyloxymethylation in the 
I' 
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purine ring. This can be explained mainly in terms of the 
differences in geometry of the N6 -acyladenine molecules. In 
the pivaloyloxymethylation of these compounds however, sub-
stitution at 7 position is still favoured over the 9. It 
seems most likely, that both the chloromethyl pivalate and 
N6 -pivalamide group have some role to play in causing such a 
high preferrence of 7 alkylation to occur, when N6 -pivaloyl-
adenine anion is alkylated with such a reagent. 
' 
' 
I 
' 
EXPERIMENTAL 
...... 
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All melting points were recorded on Biichi-Tottli me lting 
point apparatus and are uncorrected. Preparative thin layer 
chromatography was carried out on plates using silica gel (Merck 
PF 254+366) as adsorbent. Inf rared spectra, run (unless otherwi se 
stated) as nujol mulls, were recorded, at medium scanning speed, 
on Unicam SP 200 G grating infrared spectrophotometer. Ultra-
violet spectra were recorded on Unicam SP 800 ultraviolet spectro-
photometer on samples dissolved in 90% aqueous ethanol and one drop 
of 2N hydrochloric acid in 90% aqueous ethanol (pH~l). Since most 
of the compounds were unstable to basic conditions, their spectra 
in alkaline solution (p ,~12) was run as soon as possible after 
adding one drop of 2N sodium hydroxide to an ultraviolet cell con-
taining the compounds dissolved in 3 ml of 90% aqueous ethanol. 
The nuclear magnetic resonance spectra, run (unless otherwise 
stated) in deuterated chloroform solution, were determined on the 
Perkin-Elmer Rl0 60 Mhz nuclear magnetic resonance spectrophotomer; 
added tetramethylsilane (TMS) was used as an internal reference 
standard, and all resonance signals were reported in T units (ppm 
downfield from TMS). Mass spectra were recorded on the Varian-
Mat CH7 mass spectrometer. Microanalysis were carried out either 
by Australian Microanalytical Service in Melbourne under the 
direction of Mr. R.D. MacDonald or by Australian National University 
Microanalytical Service under Miss B. Stevenson and Dr. J.E. Fildes. 
Throughout the experimental the following abbreviations were used: 
b, broad; bs, broad singlet; d, doublet; D, s ignal disappeared 
on D2o exchange; J, couple constant in hz; m, multiplet; + M ' 
molecular ion; pt, pseudo triplet; s, singlet; sh, shoulder; 
t, triplet; tlc, thin layer chromatography, and vbs, very broad 
singlet. 
. 
Alkylation of N6-acyladenine -- general procedure: 
Throughout the whole investigation of alkylation of N6-
acyladenine the following standard procedure was used. 
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N6-acyladenine was dissolved in freshly distilled dry 
dimethylformamide (20 mls per mmole of N6 -acyladenine). This was 
treated with excess (5% by mole) sodium hydride (63% dispersion in 
oil) and the resulting solution was stirred at room temperature 
for 1 hr before alkylating reagent (10% excess by mole) was intro-
duced in one lot. The stirring at room temperature was continued 
for further 24 hrs. The reaction was then terminated by addition 
of saturated solution of aqueous sodium bicarbonate; this hetero-
geneous mixture was then extensively extracted into chloroform. 
This organic phase, after being washed with bicarbonate solution 
and dried with magnesium sulphate, was evaporated off to give a 
gum (the last trace of dimethylformamide was removed by azeotropic 
distillation with toluene at reduced pressure). The composition 
of the gum was analysed either with nmr or by chromatography 
followed by quantitative uv. 
Preparation of dry dimethylformamide: 
To a suspension of sodium hydride (63% dispersion in oil) 
in dimethylformamide (about 0.5 g of sodium hydride to 250 ml of 
dimethylformamide) a few crystals of triphenylmethane were added. 
This suspension was then gently refluxed until it turned red (due 
to the formation of triphenyl carbanion which usually occurred 
within fifteen minutes of reflux). This dried dimethylformamide 
was then cooled to room temperature and distilled at reduced 
pressure (water pump with an appropriate moisture guard). The 
dried dimethylformamide was collected at 75°/20 mm. 
I 
I 
SJ 
Estimation of the concentration of sodium hydride 1n oil-dispersed 
sodium hydride sample: 
A known quantity of oil-dispersed sodium hydride was sus-
pended inn-hexane, and titrated against mineral acid (of known 
molarity) using phenol red as indicator. The amount of sodium 
hydride dispersed in oil was thus found to be 63.5% rather than 
50% quoted on the sample bottle. 
N6-pivaloyladenine: 
A solution of 1.0 g (7.3 mmole) of adenine and 1.0 g of 
pivaloyl chloride (8 mmole) in 60 ml of dry pyridine was heated 
under reflux for 12 hrs. After cooling, the reaction mixture was 
poured onto ice-cooled saturated solution of aqueous sodium bi-
carbonate. Chloroform extraction of this mixture then gave, after 
evaporation of the dried organic phase, off-white crystalline mass 
(1.23 g, 80% yield). After two recrystallisations from chloroform, 
this residue gave colourless needles mp 234° (Literature 18 mp 235°). 
Spectroscopic data of the sample agreed with the published ones18 
of N6 -pivaloyladenine. This experiment was repeated several times 
with yields varying from 78 to 85%. 
Pivaloyloxymethylation of N6-pivaloyladenine: 
The pivaloyloxymethylation was carried out on N6 -pivaloy-
ladenine (0.415 g, 1.9 mmole) with sodium hydride (76 mg, 2.0 mmole, 
5% excess) in freshly distilled dry dimethylformamide (40 mls). 
Chloromethyl pivalate (282 mg, 2.1 mmole, 10% excess) was then 
added in one lot. The pivaloyloxymethylation and its workup proced-
ure was analogous to the general method of alkylation on N6 -acylad-
enine described on p56. A fine precipitate was observed within 5 
min. of the addition of chloromethyl pivalate. Evaporation of the 
chloroform extract eventually gave a light brown gum (866 mg). 
r· 
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The nmr spectrum of the gum sugges ted it contained only 
one component; T=l.17 and 1.54 (lH each, bs, purine protons), 
3.74 (2H, bs, NCH 20), 8.58 (9H, s, (CH 3) 3CCON) and 8.83 (9H, s, 
(CH 3) 3CCOO). This corresponds to the published nmr spectral data 
of N6-pivaloyl-7-pivaloyloxymethyladeninel4). 
Quantitative uv Spectral Analyses of the Crude Gum: 
21 mg of the crude gum was plated on a 20 x 20 cm silica 
gel plate which was then developed in methanol-chloroform mixture 
(1:10) giving three bands Rf 0.65, 0.5 and 0.4. These bands were 
eluted into known quantities of spectroscopic ethanol; the solut-
ions were then filtered and the filtrate, after appropriate dilut-
ions with known quantities of ethanol, was analysed by uv spectro-
scopy. 
Band I Rf 0.65: Amax 257 nm (sh) and 271, Amin 229; pH=l 
Amax 259 (sh) and 278, Amin 234; pH=l2 A 304 and A . 247. max min 
This corresponds to the published uv spectral data of N6-pivaloyl-
9-pivaloyloxymethyladenine (5). 
Band II Rf 0.5: A 250 nm (sh), 274, 307 and 319, A . 
max min 
237 and 315; pH=l A 250 (sh), 274, 305 and 318, A . 237 and 
max min 
315; pH=l2 A 310 and A . 260. This corresponds to the pub-
max min 
lished uv spectral data of N6-pivaloyl-7-pivaloyloxymethyladenine(4). 
A . 
min 
Band III Rf 0.4: Amax 258 nm (sh), 276 (sh), 280 and 290 
232 and 288· 
' 
pH=l A 
max 
275 and 282; A . 
min 232 and 279; 
pH=l2 Amax 284 and Amin 241. This corresponds to the published uv 
spectral data of the starting material N6 -pivaloyladenine. 
Using the knowns values at 280 nm, 271 and 318 on the 
ethanolic neutral spectra of N6-pivaloyladenine, 5 and 4 respect-
ively, the quantities present in each of these three bands were 
calculated. The s values at 318 nm of 4 was used instead of 274, 
---
1 
I 
I 
1 
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because 4 could be contaminated with starting material which does 
not absorb at 318 nm. This gave the yield of 4 to be 20.5% and 
5 to be less than 0.5%. The ratio of 9 to 7 pivaloyloxymethlation 
was estimated to be 1:40.5. All this was 1n agreement with the 
nmr analysis of the crude product mixture which suggested there 
was only one product; but any minor component, comprising of less 
than 5% of the total (the lower limit of sensitivity of the nmr 
spectrometer), would not be detected by the instrument. 
Benzylation of N6-pivaloyladenine using benzyl chloride: 
The benzylation on N6 -pivaloyladenine (660 mg, 3.0 rnmole) 
was carried out in the same manner as described in the general 
method of alkylation (p.56). A fine precipitate was observed 
30 mins. after an addition of the alkylating reagent. 
Nmr analyses of the crude products showed three distinct 
benzylic methylene resonances at T=4.3, 4.58 and 4.75. A trace of 
these peaks on an expanded spectrum was cut out and their relative 
areas were established by weighing. This gave the relative pro-
portions of signals at T=4.3, 4.58 and 4.75 to be 9.9%, 83.0% and 
6.3% respectively. By comparing the benzylic resonances of the 
authentic samples synthesized independently, it was found that 
peaks at T=4.3 and 4.58 could be assigned to the benzylic protons 
of 7-benzyl-N 6 -pivaloyladenine ~6) and those of the 9-isomer, (25) 
respectively. The broad signal centred at T=4.5 was assigned to 
be the benzylic methylene groups of the dibenzyl derivative. This 
analysis also gave the ratio of 7:9 benzylation to be 1:8.4. 
9-Benzyl-N 6-pivaloyladenine ~5): 
This product was isolated through column chromatography on 
silica get (70 g). 
chloroform gave 25 
Elution of this column with 3% ethanol in 
as a pale yellow glass (176 mg, 19% yield). 
-
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Crystallisation of the gum from chloroform-cyclohexane and further 
recrystallisation gave colourless needles, mp 146°. I r: v 
max 
1703 cm-l (amide I band). Uv: A 
max 
258 3 nm ( sh , E:X 10 , 11 . 5) , 
2 7 4 ( 18 . 3) and 2 8 2 (sh, 12 . 7) A . 2 3 5 ( 3 . 3) ; pH= 1 ;\ 2 7 6 ( 16 . 7) 
min max 
and 282 (sh, 15. 7), ;\ . 240 (4.3); pH=l2 (unstable, after 2 mins) 
min 
A 30 5 ( 14. 9) and ;\ . 2 4 8 ( 4. 6) . 
max min Nmr: T=l.20 and 2.05 (lH 
each, s, purine protons); 2.68 (SH, bs, c 6H5); 4.55 (2H, s, 
+ NCH 2C6H5) and 8.6 (9H, s, (CH 3) 3cCON). M.s. m/e (%): 310 (9), 
3 0 9 (M + , 3 7) , 3 0 8 ( 11) , 2 9 4 ( 7) , 2 5 3 ( 10) , 2 5 2 ( 9) , 2 31 ( 13) , 2 3 0 
(78), 229 (67), 182 (12), 148 (7), 92 (10), 91 (100), 65 (14) and 
57 (33). 
Analyses for c 17H19N50: C, 66.00; H, 6.19; N, 22.64%. Found: C, 
6 6 . 1 7 ; H, 6. 2 3; and N, 2 2 . 5 0 % . 
The identity of this compound was confirmed by comparison 
of spectral data of an authentic compound synthesized independently 
(see p62). 
7-Benzyl-N 6-pivaloyladenine (26): 
After 25 and N6 -pivaloyladenine were eluted from the column; 
further elution with 8% ethanol in chloroform gave 26 as a glass 
(yield 95 mg, 10%). Crystallisation twice from benzene-lig ht 
petroleum (40-60°) gave pale yellow needles mp 153°. Ir: vmax 
1660 cm-l (amide I band). Uv: 3 ;\ 2 7 6 nm ( E:X 10 , 8 . 3) , 3 0 8 
max 
(2.8) and 319 (2.6), ;\. 242 (4.0), 303 (2.5) and 310 (2.5); pH=l 
min 
Amax 276 (8.6), 308 (2.7) and 319 (2.4), Amin 242 (4.1), 303 (2.5) 
and 315 (2.3); pH=l2 ;\ 310 (13.1) and A . 266 (4. 7). Nmr: 
max min 
T=l .41 and 1.85 (lH each, bs, purine protons), 2.5-3.0 (SH, vbs, 
C6H5); 4.37 (2H, s, NCH 2c 6H5) and 8.72 (9H, s, (CH 3) 3CCON). 
M. s. m/e+ (%): 310 (7), 309 (M+, 28), 253 (17), 252 (100), 225 (6), 
224 (10), 92 (8), 91 (98), 65 (11) and 57 (17). 
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Analyses for c17H19N50: C, 66.00; H, 6.19; N, 22.64%. Found: 
C, 66.24, H, 6.27, N, 22.43%. 
The structure of this compound was confirm ed by comparison 
of its spectral data with those of the authentic sample prepared 
by a modification of the method by Denayet 9 as described on p.64. 
N6 , 9-Dibenzyl-N 6-pivaloyladenine(l9) 
This compound was isolated from the column as a partially 
pure gum (yield 25 mg, 2.5%). The sole contaminant in the gum 
was trace of 25 (about 5%). It had a Rf slightly higher than com-
pound 25 (in 4% ethanol in chloroform), with higher polarity 
systems (7% ethanol in chloroform) they ran together as one spot, 
while at lower polarity they trailed into one another. Nmr; 
T=2.0 and 2.26 (lH each, s, purine protons), 2.5 to 2.8 (l0H, m, 
aromatic protons of benzene rings), 4.71 and 4.74 (2H each, two 
singlets, two NCH 2c6H5 groups), and 8.8 (9H, s, (CH 3) 3CON). Uv: 
A 285 nm, A 250; pH=l A 291, A . 250; pH=l2 A 287 
max max max min max 
and A . 249. The absence of bathometric shift on its uv spectrum, 
min 
when base was added to ethanolic solution of this compound did not 
exclude the possibility of this compound being N6-Benzyl-N 6-pival-
oyladenine. Such possibility was discounted by nmr spectral evidence 
which suggested strongly that this minor component was a dibenzyl 
derivative. Furthermore the resonances of the purine protons of 
N6-benzyl-N 6-pivaloyladenine synthesized from pivaloylation of 
N6-benzyladenine (see p66), are at positions different to those of 
20(T=l.17 and 1.66 vs 2.0 and 2.26). Methylation of N6-pivaloyl-
adenine using vast excess (35%) of methyl jodide produced N6-9 -
dimethyl-N6-pivaloyladenine (39). Compound 39 has purine protons 
resonances at T=2.08 and 2.35. Because such a similarity in purine 
protons resonances of 19 (T=2. 0 and 2. 26) and 3 9, the minor component 
of benzylation was tentatively assigned to be N6-9-dibenzyl- N6-
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pivaloyladenine. 
9-Benzyladenine: 
A suspension of adenine (1.36 g, 10 mmole) and sodium 
hydride (11 mmole) in dry dimethylformamide (70 ml) was stirred 
in an oil bath (50° C) for one hour. After cooling down to room 
temperature, benzyl chloride (1.36 g, 11 mole) was added, and this 
solution was stirred overnight (20 hrs) at room temperature. The 
mixture was then poured into ice-cold saturated sodium bicarbonate 
solution and the resulting crude product mixture was extensively 
extracted into chloroform. The organic phase, washed with bi-
carbonate solution then dried, was finally evaporated to dryness 
(last traces of dimethylformamide were removed by azeotropic dis-
tillation with toluene) giving a colourless residue. The crude 
product so obtained was recrystallised twice from methanol to give 
colourless needles; yield 780 mg, (35%), mp 245° (Literature 8 
mp 242°). Nmr (d6DMSO): T=l.8 (2H, vbs, purine protons); 1.68 
(SH, s, c6H5); 1.8 (2H, vbs, D, NH 2); 4.68 (2H, s, NCH 2C6H5). 
9-Benzyl-N 6-pivaloyladenine (25): 
To a solution of 9-benzyladenine (682 mg, 3.0 mmole) in 
dry pyridine (10 mls), pivaloyl chloride (4.3 mmole) was added. 
This solution was refluxed for 10 hrs, cooled and then poured into 
ice-cold saturated sodium bicarbonate. This crude product mixture 
was extensively extracted into chloroform. The chloroform extract 
was dried and evaporated to dryness to give a pale yellow gum; tlc 
of this gum showed mainly one product. The product was further 
purified by preparative tlc (developed in 5% methanol in chloroform) 
to give a colourless crystalline solid. Recrystallisation from 
chloroform-cyclohexane gave 362 mg of colourless needles mp 146° 
6.3 
(yield 37%) with spectral data identical to the maJor product 
mp 146° from the alkylation experiment above (p. 59). Mixing of 
these two compounds did not cause a depression in mp, and the 
mixture was homogeneous on tlc. 
4,6-Diamino-5-formamidopyrimidine: 
4,5,6-Triaminopyrimidine sulphate (12.S g, 52 mmole made 
by Aldrich Chem. Co.) was refluxed with 98% formic acid (75 mls) 
for 3 hrs. The solution was filtered while hot and the filtrate 
was evaporated to dryness (last traces of formic acid was removed 
by azeotropic distillation with ethanol). The residue was dissolved 
in minimum amount of water; the solution was then made basic with 
ammonia, and on chilling, pale yellow flakes appeared. (mp 350° C, 
yield 6. 8 g, 85%) (Literature 45 no mp quoted, yield 95%). Nmr 
(d 6DMSO): T=l.25 (lH, vbs, NHCHO); 1.9 (lH, s, pyrimidine 
protons); 2.26 (lH, s, NCHO); 4.18 (4H, bs, D, 2NH 2). 
4 , 6 - D i a m i n o - 5 - (N- b e n z y 1 f o rm am i d o ) p y r i m i d i n e ~ 
To a stirred suspension of 4,6-diamino-5-formamidopyrimidine 
(5 g, 32 mmole) sodium hydride (1.8 g, SO mmole, 63% dispersion 
in oil) was added. After hydrogen evolution had ceased (app. 10 
ruins), the solution was heated at 50°C in oil bath for one hour, 
then benzyl chloride (7.1 g, 56 mmole) was added dropwise so that 
the temperature of solution could be kept constant at 50°C by 
external heating or cooling. After the addition, the solution was 
maintained at 50°C for further four hours; the reaction mixture 
was then cooled and the orange precipitate collected. This pre-
cipitate was shaken with water (30 mls) to remove any sodium 
chloride that was present. Evaporation of the original dimethyl-
formamide solution gave a gum, which was further tritrated with 
ether to remove the oil (from the sodium hydride). This resulting 
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residue was shaken with water to remove any sodium chloride still 
present. Finally, this residue was combined with the precipitate 
collected (described above) and the combined solids were recrystal-
lised from ethanol to give cream crystals. (mp 240°, yield 830 mg, 
11%); Literature 19ano mp was quoted. Ir: v 1670 cm-l (b, 
max 
formamide). Nmr (d6DMSO): T=l.58 (lH, s, NCHO); 1.8 (lH, s, 
pyrimidine proton); 2.6-2.8 (SH, m, NC 6H5); 3.22 (4H, vbs, D, 
2NH 2); 4. 3 (2H, s, NCH 2C6H5). 
7-Benzyladenine 
4,6-Diamino-5-(N-benzylformamido)pyrimidine (830 mg, 3.7 
mmole) was refluxed in dry dimethylformamide (48 mls) containing 
475 mg potassium carbonate (4 mmole) for 5 hrs. On cooling, pre-
cipitate appeared; the solution was then filtered and the filt-
rate was evaporated to dryness to give a yellow residue. This 
residue was recrystallised from ethanol to give pale yellow need-
les. 
Nmr 
(mp 248-9°, yield 280 mg, 30%; Literature19b quoted mp 242°). 
6 (d DMSO): T=l.55 and 1.78 (lH each, s, purine proton); 2.4-
7-Benzyl-N 6-pivaloyladenine (26): 
To 233 mg 7-benzyladenine (1.0 mmole) in 5 mls of dry 
pyridine, 108 mg of pivaloyl chloride (1.1 mmole) was added. The 
resulting solution was refluxed overnight (16 hrs), then cooled and 
poured into half-saturated sodium bicarbonate solution. The result-
ing mixture was extensively extracted into chloroform. The dried 
chloroform extract was evaporated to dryness (in vacuo) to give a 
pale brown gum. Tlc showed that this gum contained 26 as the major 
product. The other impurities were removed by preparative tlc. 
The band containing 26 was eluted and solution was evaporated to 
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give pale yellow solid. This solid was recrystallised from 
benzene-light petroleum (40-60°) to give pale yellow needles, mp 
152° (yield 117 mg, 37%). 
This compound had spectral data identical to the product 
mp 153° isolated from benzylation of N6 -pivaloyladenine (p. 60). 
The mixing of this compound with that isolated product did not 
cause a depression in mp, moreover such a mixture was homogeneous 
by tlc. 
N6-Benzyladenine: 
This compound was prepared by reducing N6 -benzoyladenine 
with sodium dihydro-bis(2-methoxyethoxy)aluminate. The benzene 
solution (70% w/v) of reducing agent (1.5 ml, 8 mmole) was intro-
duced dropwise at room temperature to a stirred dry solution of 
N6 -benzoyladenine (1.19 g, S mmole) in benzene (150 mls). After 
effervescence of hydrogen had ceased, the reaction was stirred at 
room temperature for a further 1 hr. The cooled resulting solut-
ion was then poured into dilute hydrochloric acid, and this crude 
product mixture was extensively extracted with chloroform (Sx200 
ml). Evaporation of the dried organic solvent to dryness gave a 
light brown residue. This residue was adsorbed onto 5.0 g of silica 
gel and was chromatographed on a silica gel column (100 g). Elut-
ion with 10% ethanol in ethyl acetate gave, after evaporation of 
solvent, N6-benzyladenine as a pale yellow gum (yield 840 mg, 57%). 
Recrystallisation twice from methanol eventually gave colourless 
needles mp 230° (Literature 46 mp 232.5°). Nmr (d 6DMSO): T=l.78 
to 2.0 (3H, m, NH and purine's protons); 2.68 (SH, vbs, benzene 
protons) and 5.17 (2H, d, J=6 hz, collapsed to bs on deuteration 
with D20, benzylic methylene). 
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N6-Benzyl-N 6-pivaloyladenine (201 
To a solution of N6 -benzyladenine (675 mg, 3.0 mmole) in dry 
pyridine (30 ml), pivaloyl chloride (420 mg, 3.5 mmole) was added 
and this solution was refluxed for sixteen hours. The resulting 
solution was cooled and poured into a saturated solution of sodium 
bicarbonate. This crude product mixture was extracted into chlor-
oform (Sxl00 ml). Evaporation of the dried organic phase gave a 
yellow gum; this crude product was further purified by preparative 
tlc (developed in 5% ethanol in chloroform). Recrystallisation of 
the purified product from chloroform-cyclohexane gave colourless 
flakes mp 147°, (yield 325 mg, 35%). Ir: v 1675 and 1690 cm-l 
max 
-1 (amide I band) and (in chloroform) 1665 cm no apparent increase 
in band width (amide I band). Uv: :\ 280 nm (Exl0 3 , 11.8) 
max 
A . 2 4 0 ( 3 . 1) ; pH= 1 :\ 2 81 ( 11 . 8) , 
min max :\ . 240 (2.9); pH-12 :\ min max 
286 (10.0) and :\min 250 (2.7). Nmr: T=l.17 and 1.66 (lH each, 
s, purine protons), 2.5-2.9 (SH, m, c 6H5), 4.47 (2H, bs, c 6H5cH 2N) 
+ + 
and 8.8 (9H, s, (CH 3) 3CON). M.s. m/e (%): 309 (M, 9), 225 (26), 
2 2 4 ( 10 0) , 12 0 ( 6) , 10 6 ( 10) , 91 ( 2 6) , 6 5 ( 6) and 5 7 ( 14) . 
Analyses for c 19H19 N50: C, 66.00; H, 6.19; N, 22.64%. Found: 
C, 65.80; H, 6.35; N, 22.97%. 
Benzylation of N6 -pivaloyladenine using a la~ge exee~~ of Sodium 
Hydride and Benzyl Chloride: 
This benzylation was carried out on N6 -pivaloyladenine 
(219 mg, 1 mmole) using 30% molar excess of sodium hydride and 
12.5% molar excess of benzyl chloride. The reaction was worked 
up and subjected to nmr analysis in a manner analogous to the 
previous benzylation (p. 59 ). The analysis gave relative proport-
ions of 2~ 26and 19to be 67.0, 18.0 and 14.0% respectively, giving 
a 7:9 alkylation ratio of 1:3.7. 
6J 
Benzylation of N6-pivaloyladenine using benzyl bromide: 
The benzylation was carried out on 1 mmole (219 mg) of 
N6-pivaloyladenine using 5% excess of sodium hydride and 10 % excess 
of benzyl bromide. The reaction workup and analyses of the crude 
product were carried out in analogous manner as described in the 
previous benzylation of the same material using benzyl chloride 
(p. 59). The nmr analysis gave relative proportions of 25, 26 and 19 
to be 85.0, 9.3 and 5.2% respectively, giving a 7:9 benzylation 
ratio as 1:9.2. 
Benzylation using la~ge exQe~~ of Sodium Hydride and Benzyl Bromide: 
The benzylation was carried out on 1 mmole of N6-pivaloyl-
adenine using 40% molar excess of sodium hydride and 15% excess of 
benzyl bromide. The reaction, its workup and nmr analysis was done 
in analogous manner as described in previous benzylation of N6-
pivaloyladenine (p. 59). The nmr analysis gave relative proport-
ions of 25, 26andl9 to be 50.0, 13.0 and 36.0% respectively and a 
7:9 benzylation ratio of 1:3.8. 
Methylation of N6-pivaloyladenine using methyJ iodide: 
The methylation was carried out on N6-pivaloyladenine (650 
mg, 3.0 mmole) using sodium hydride (5% excess by mole) and methyl 
iodide (10% excess by mole) in freshly distilled dry dimethyl-
formamide (60 ml). The alkylation and its workup procedure was 
along the lines laid out in the general method of alkylation on 
N6-acyladenine described on p. 56. 
Nmr analysis of the crude product mixture failed to give 
useful information about the 7:9 alkylation ratio. Even on an 
expanded spectrum, both methyl and pivaloyl resonances of 7-methyl-
N6-pivaloyladenine (28) and the 9-isomer 27 overlapped with one 
another. 
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A small aliquot o f this crude product mixture was spread 
on 20x20 cm silica gel plate. After being developed in 6% ethanol 
in chloroform, it gave three distinct bands, Rf 0.4, 0.32 and 0.17, 
whose uv spectra identified them as27,28 and N6 -pivaloyladenine 
respectively. They were eluted with known amount of spectroscopic 
ethanol and after the appropriate dilutions with known quantities 
of the ethanol, their uv spectra were recorded. When pure compounds 
were isolated, their quantitative spectra were taken, and using€ 
values at 320 nm and 280 nm on the ethanol neutral spectra of the 
28and 27 respectively, the amount of compounds present in these 
bands were calculated to give a ratio of 7:9 methylation to be 
1:2.0 . N6 -pivaloyladenine has a strong absorption band between 250 
and 280 nm and showed no absorption above 290. In order to allow 
for possible contamination of 28 by N6 -pivaloyladenine € value at 
320 instead of at 278 nm was used. 
9-Methyl-N 6-pivaloyladenin e (2 7 ) : 
This compound was isolated from the above methylation mixture 
through preparative tlc on silica gel (developed in 4% ethanol in 
chloroform). The product eluted from the band Rf 0.40 was recryst-
allised from chloroform-cyclohexane to give colourless needles mp 
197-198° (yield 140 mg, 20%). Ir: vmax 1705 cm-l (amide I band) 
3495 (NH stretch). Uv: Amax 274 nm (Exl0 3 , 17.0) and 279 (sh, 
9.8), A . 
min 229 (3.2) pH-1 A 276 (15.2) and 279 (sh, 13.2), A . max min 
238 (3.2); pH=l2 (unstable, after 2 mins) A 304 (11.9) and 
max 
A . 246 (5.0). 
min Nmr: L=l.22 and 1.96 (lH each, s, purine protons); 
+ 6.1 (3H, s, NCH 3 ) and 8.6 (9H, s, (CH3 ) 3CCON). M.s. m/e (%): 
233 (M+, 20), 177 (8), 176 (17), 149 (100), 148 (11), 147 (8), 133 
( 8 ) , 12 2 ( 16) and 5 7 ( 3 6 ) . 
Analyses for c11H15N50: C, 56.63; H, 6.48; H, 30.03 %. Found: 
C, 56.16; H, 6.99: N, 30.44%. 
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7-Methyl-N 6-pivaloyladenin e (28); 
This was isolated through preparative tlc (yield 85 mg, 
6%). The product was eluted from band Rf 0.25 and was recrystall-
ised in chloroform-cyclohexane to give colourless needles mp 190°. 
Ir: v 1670 cm-l (amide I band) and 3350 (NH stretch). 
max Uv: 
A 
max 
3 278 nm (E:xl0, 8.95), 306 (1.2) and 320 (1.05), A. 
min 249 (2.5) 
and 316 (1.0); pH=l A 277 (8.95), 307 (sh, 1.15) and 324 (0.85), max 
A . 250 (2.9); pH=lZ (unstable, after 2 mins) A 297 (9.8) and 
min max 
A . 245 (3.8). Nmr: T=l.26 and 1.83 (lH each, s, purine protons), min 
+ 6.02 (3H, s, NCH 3) and 8.63 (9H, s, (CH 3) 3 CCON). M.s. m/e (%): 
+ 233 (M , 30), 177 (12), 176 (100), 149 (15), 148 (22), 133 (24) 
and 57 (44). Compound 28h ad been purified by repeated preparative 
tlc and subsequent recrystallisation giving tlc-homogeneous sample, 
yet analysis was unsatisfactory. 
Best analyses for c11H15N50: C, 56.63; H, 6.48; H, 30.03%. Found: 
C, 55.92; H, 6.50; N, 29.44%. 
Basic hydrolysis of 9-methyl-N 6-pivaloyladenine (2.Jl; 
Compound 27 (10 mg, 0.043 mmole) was treated with 9 ml of 
water and 1 ml of ZN sodium hydroxide. This solution was kept 
between 80-90° for one hour, then the hydrolysate was neutralised 
and subjected to uv spectroscopic analysis. Uv (H,__O) : A 
L max 
2 6 3 nm , A . 2 2 3 ,· pH= 1 :\ 2 6 0 , .\ . 2 3 0 ,· pH= 1 2 :\ 2 6 3 and 
~in max min max 
A . 230. This spectral data was in agreement with t he published min 
47 
ones of 9-methyladenine. 
Basic hydrolysis of 7-methyl-N 6-pivaloyladenine (2~f: 
Compound 28(1 0 mg, 0.045 mmole) was hydrolysed in same 
manner as above. The neutralised hydrolysate prossessed the 
following uv spectral data: A 2 7 2 nm , A . 2 3 7 
max min 
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pH=l Amax 273, Amin 236; pH=l2 Amax 275 and Amin 236. This data 
agreed with the published spectral data47 of 7-methyladenine. 
Methylation of N6-pivaloyladenine using va~t exce~~ of Sodium 
Hydride and Methyl Iodide: 
This methylation was carried out on N6-pivaloyladenine 
(1.09 mg, 5 mmole) using 35% (molar) excess of sodium hydride and 
10% excess of methyl iodide. The reaction was worked up in anal-
ogous manner as in previous me t hylation with methyl iodide (p.67 
The nmr spectrum of the crude product mixture showed fo ur distinct 
methyl resonances at T=6.0, 6.15 6.35 and 6.55. On the expanded 
trace of the nmr spectrum, these methyl resonances were cut out 
and weighed to establish their relative proportions. The signals 
a t 6 . 05 and 6.15 were assigned to be the N-methyl resonances of 
7-Methyl-N 6-pivaloyladenine (28) and the 9-isomer 2] by comparison 
of the spectra of isolated pure compounds against those of 28 and 
27 (from previous methylation p 6J). The remaining two signals 
(of equal intensity) at 6.35 and 6.55 were assigned to the N6 , 
9-dimethyl-N 6-pivaloyladenine ( 39) : such assignment was done only 
after the partially pure dimethyl derivative was isolated and 
hydrolysed to a compound whose uv spectral data was consistent 
with that published data48 for N6 ,9-dialkyladenines. This analysis 
gave proportions of 27 , 28 and 39 to be 81, 12.5 and 6.4% respectively, 
and a 7:9 methylation ratio to be l:6.4. 
Separation of the individual components of the reaction 
mixture was done on a silica gel column (110 g) using 2% ethanol 
in chloroform as eluting agent. Three products, two monomethylated 
and one dimethylated compounds, were eluted from the column. The 
mono-methylation products were identified as 27 and 28 by comparing 
their mp, uv and nmr spectral data with compounds 27 and28 isolated 
from previous methylation (p. 67); and the dimethyl derivative 
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was assigned to be N6 ,9-dimethyl-N 6-pivaloyladenine 39 by the 
method described in previous paragraph. The order of elution was 
27, 39 and 28 with isolated yield of 18, 2. 5 and 6% respectively. 
N6 ,9-dimethyl-N 6-pivaloyladenine (39): 
Small amount (30 mg, 2.5%) of partially pure compound 
(contaminated with less than 5% of2~ was isolated as a gum from 
the column. Nmr: T = 2.08 and 2.33 (lH each, s, purine protons); 
6.30 and 6.48 (3H each, s, two N-CH3 groups) and 8.72 (9H, s, 
(CH 3) 3CON). Uv: A 276 nm (sh), 280 and 290 (sh), A . 240; max min 
pH=l Amax 280 and 288 (sh) Amin 247. pH-12 Amax 276 (sh) and 
2 81 and A . 2 4 3. 
min 
Basic hydrolysis of N6 ,9-dimethyl-N 6-pivaloyladenine (39): 
The dimethyl-N 6-pivaloyladenine (28 mg, 0.12 mmole) was 
treated with 1 ml of 2N sodium hydroxide and 5 ml of water. The 
basic solution was heated between 80-90° for two hours, and the 
resulting solution neutralised, then appropriately diluted to give 
the following uv spectral data; A 263 nm, A . 230; pH=l 
max min 
A 263, A . 230; pH=l2 A 267 and A . 237. The uv spectral 
max min max min 
data was consistent with that published onei 8for N6 ,9-dibenzyl-
adenine, suggesting that the hydrolysate contained some N6 ,9-di-
alkyladenine. 
Methylation of N6-pivaloyladenine using methyl p-toluenes ulphona te: 
The sodium salt of the N6-pivaloyladenine (998 mg, 4.5 mmole) 
was generated in analogous manner as in the me thylation of -6 
pivaloyladenine using methyl iodide (p. 67). Methyl p-toluene-
sulphonate (10% excess by mole) was added to the solution of 
sodium N6-pivaloyladenine and solution was stirred for 24 hrs. The 
workup of the reaction was similar to the previous methyla tion 
.. 
l 
]2 
(p. 67). Again the nmr analysis of crude product mixture failed 
to give meaningful information about the 7:9 methylation ratio. 
Uv analyses analogous to that done on crude product mixture of 
previous methylation (p. 68) gave the 7:9 ratio as 1:2.0. Further-
more, no extra product (tlc) could be found in the crude product 
mixture. 
Methyla tion of N6-pivaloyladenine using va~t exQe~~ of Sodium 
Hydride Methyl p-Toluenesulphonate: 
N6 -Pivaloyladenine (196 mg, 0.9 mmole) was alkylated with 
sodium hydride (1.4 mmole, 52% excess) and methyl p-toluenesulph-
onate (1.0 mmole, 11% excess). The alkylation and its workup were 
analogous to the general method of alkylation described on p. 56 
The nmr analysis of crude product mixture was done along the lines 
described in the methylation using excess methyl iodide (p. 70). 
This analysis gave proportions of 27, 28 and 39to be 80.0, 11.8 and 
8.2% respectively, and a ratio of 7:9 alkylation of 1:6.8. Tlc 
analysis showed 27, 28and 3 9 were the only products present in the 
crude product mix ture. 
Benzyl chloromethyl ether: 
This ether was prepared according to the method of A.J. Hill 
49 
and D.T. Kearch . This involved: (a) reacting 0.5 mole of 
benzyl alcohol (purified by forming a solid complex with calcium 
chloride to remove benzyl chloride) with 2 mole of formaldehyde 
(40% aqueous solution), and then (b) passing hydrogen chloride gas 
into the solution until saturation of the aqueous solution by the 
gas was reached. By this time an organic layer separated out fr om 
the aqueous phase and this organic phase was collected, dried with 
anhydrous calcium chloride and distilled under reduced pressure. 
Traces of hydrogen chloride and benzyl chloride cause decomposition 
I 
. 
]3 
of the ether at its boiling point so the last trace of hydrogen 
chloride was removed successfully by stirring the organic phase 
under high vacuum before distillation took place. Yield 70%. Bp 
54-56°/0.2 mm. (Literature 49 quoted yield 77 %, bp 125°/40 mm.) 
Nmr: T=2 .63 (SH, s, benzene protons); 4.5 (2H, s, OCH 2Cl) and 
5.27 (2H, s, C6H5 CH 2). 
Alkylation of N6-pivaloyladenine with benzyl chloromethyl ether: 
N6 -Pivaloyladenine (1.09 g, 5 mmole) was alkylated with 
the benzyl chloromethyl ether (0.858 g, 5.5 mmole) according to 
the general method of alkylation of N6 -acyladenine (p. 56). A 
fine sus p ension started to form 5 mins after the addition of the 
ether. The workup of the reaction was along the lines of the 
general method of alkylation of N6 -acyladenine described on p. 56 
The crude product was analysed by nmr spectroscopy in order 
to establish the ratio of 7:9 alkylation: analyses by examining 
the areas under the individual pivaloyl resonances or the methylene 
resonances of the 7- and 9-isomers30, 29 proved difficult because 
they overlapped with one another, and could not be resolved even 
when the scale of the spectrum was expanded six times. However, 
in the region between T=0.8 to 2.0 on the expanded spectrum, there 
were six relatively well resolved peaks; the assi g nment of these 
individual peaks would be simple if pure components were obtained. 
Only 9-benzyloxymethyl-N 6 -pivaloyladenine (29) was isolated from 
the reaction products in a pure form: the 7-isomer 30 decomposed 
on the silica gel whilst the chromatography was in progress, and 
could only be obtained partially pure (the sole impurity being N6 -
pivaloyladenine); fortunately the position of purine aromatic 
protons of N6 -pivaloyladenine were known and consequently assign-
ment of the 7-benezyloxymethyl N6 -pivaloyladenine became relatively 
-]4 
simple. An expanded trace of the peaks of 7- and 9-isomer were 
cut out, and their areas weighed to establish their relative 
proportions. These analyses gave a 7:9 alkylation ratio as 1:1.1. 
9-Benzyloxymethyl-N 6-pivaloyladenine (22.L_ 
This compound was isolated from the reaction product by 
repeated preparative tlc on silica gel (developed in 5% ethanol in 
chloroform). The compound eluted from a band Rf 0.45 and was re-
crystallised twice from chloroform-cyclohexane to give colourless 
needles mp 139° (254 mg, yield 15%). Ir: v 1703 cm-l (amide 
max 
3 I band) and 1140 (ether stretch). Uv: A 258 nm (sh, sxl0 , 
max 
10. 5), 273 (15. 7) and 280 (sh, 12.2), Amin 227 (3.6); pH=l ).max 
258 (sh, 8.9), 274 (14.5) and 280 (sh, 13.5),).. 235 (3.9); 
min 
pH=l2 (unstable, after 2 mins) 305 (12.2) and Amin 249 (3.9). 
Nmr: T=l.10 and 1.76 (lH each, s, purine protons), 2.63 (SH, s, 
benzene aromatic protons), 4.21 (2H, s, NCH 2o), 5.33 (2H, s, 
C6H5CH 20) and 8.58 (9H, s, (CH 3) 3 CCO). m.s. m/e+(%): 339 (M+,3), 
234 (14), 233 (100), 232 (5), 225 (9. 5), 224 (20), 176 (21), 149 
(13), 148 (18), 92 (30), 94 (64), 65 (7) and 57 (25). 
Analyses for c18H21 N5o2 : C, 63.70; H, 6.24; N, 20.64%. Found 
C, 63.51; H, 6.23; N, 20.83%. 
The identity of this compound mp 139° was confirmed by 
comparison of its uv and nmr spectral data with those of an authen-
tic sample of 9-benzyloxymethyl-N 6-pivaloyladenine (its preparation 
is on p. 75): since their spectral data were identical, the assign-
ment of the compound mp 139° isolated from the benzyloxymethylation 
product mixture to be 2 9 was correct. 
7-Benzyloxymethyl-N 6-pivaloyladenine (30); 
The isolation of this compound 30 proved difficult. Its 
presence could be proven by its isolation on analytical tlc (Rf 0.17, 
I 
' 
... 
II 
II 
II 
JS 
developed in 10 minutes using 5% ethanol in chloroform), and 
eluting the spot with spectroscopic ethanol to give the following 
uv spectral data. Uv: A 280 nm, 310 and 322 (sh); A . 248 
max min 
and 308; pH=l Amax 280, 310 and 322 (sh); A . 247 and 308; 
min 
pH=l2 (unstable, after 2 minutes) A 3 0 6 and A . 2 6 6 . 
max min Its uv 
spectral data showed the double-hump feature at 310 nm which is 
characteristic of all monoacyl-7 mono-alkyladenine previously 
studied. The crude product mixture was chromatographed once on a 
preparative tlc silica gel plate (developed within 75 minutes in 
8% ethanol in chloroform) to remove the 9-isomer29 which ran as a 
band Rf 0.6. A lower broad band Rf 0.3 to 0.45 consisting of the 
7-isomer 30and N6-pivaloyladenine (established by analytical tlc) 
was scraped off the plate and eluted with redistilled ethyl acetate; 
the crude crystalline solid obtained after evaporation of the solvent, 
still contained some N6-pivaloyladenine and30, was then subjected 
to nmr analysis. The signals due to N6-pivaloyladenine were duly 
subtracted from the nmr spectrum of this crude crystalline solid 
giving the following: nmr: T=l.O and 1.7 (bs, purine protons); 
2.6 (s, benzene protons); 4.25 (vbs, NCH 20); 5.3 (s, OCH 2C6H5) 
and 8. 7 (s, (CH 3) 3CCO). 
9-Benzyloxymethyladenine: 
Benzyl chloromethyl ether (1.30 g, 8.3 mmole) was added to 
a stirred suspension of adenine (1.0 g, 7.4 mmole) and anhydrous 
potassium carbonate (1.03 g, 7.4 mmole) in 75 mls of dry dimethyl-
formamide . The crude mixture was stirred for sixteen hours at 
100°, cooled and filtered: the filtrate was evaporated to dryness 
in vacuo to give a yellow residue. The residue was tritrated with 
5:1 chloroform-ethanol and the solution, after filtration, was 
applied to a column of 150 g of silica. Elution with 25% ethanol 
in ethyl acetate gave mainly 9-benzyloxymethyladenine (yield 600 mg, 
II 
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25%). However further purification failed to give an analytical 
pure sample, mp 206°. Ir (CHC1 3): 1085 cm-l (ether stretch). 
Uv: Because sample was not analytical pure, only qualitative uv 
spectra was recorded. Amax 247 nm (sh), 270 and 275 (sh), Amin 
227; pH=l Amax 275 and 283 ( sh) , A 240· pH-12 A 247 (sh) , min ' max 
270 and 2 7 5 (sh) and A 
min 228. Nmr (DMSO): T-1.43 and 1.61 
(lH each, s' purine protons); 2.60 (SH, s ' benzene protons); 
3.05 (sh, bs, D, NH 2); 4.03 (2H, s, NCH 20) and 5.32 (2H, s, 
c6H5CH 20). M.s. m/e+(%): 256 (6), 255 (M+,30), 225 (5), 224 
(24), 149 (26), 148 (11), 92 (10), 91 (100) and 65 (18). 
Pivaloylation of 9-benzyloxymethyladenine: 
Pivaloylation of 9-benzyloxymethyladenine (510 mg, 2 mmole) 
was carried out using pivaloyl chloride (278 mg, 2.2 mmole) in dry 
pyridine (15 ml). The acylation was similar to the method described 
on p. 6 2 The crude product was purified by preparative tlc on 
silica gel (developed in 5% ethanol in chloroform). The product 
isolated from a band Rf 0.48 (yield 339 mg, 50% had nmr and uv 
spectral data identical to those of the compound mp 139° isolated 
from the benzyloxymethylation of N6-pivaloyladenine. 
l-Chloro-3,3-dimethylbutan-2-one: 
This was prepared by the action of sulphuryl chloride on 
:I' 3,3-dimethylbutan-2-one (15.0 g, 0.15 mole). The procedure used 
:1 
was similar to that published by Wym an and Kaufman 50 Both mono-
and di-ch lorination were observed with yields of 50 % and 10 % 
respectively. Complete removal of l,l-dichloro-3,3-dimethylbutan-
2-one proved difficult; fractional distillation failed as dichloro-
derivative distilled over with the mono-derivative at 79-80°/20 mm , 
and limited success was obtained through chromato graphy; however, 
since the dichloro derivative was inert towards the substrate under 
the alkylating condition employed in our investigation, the partially 
I 
JJ 
purified monochloro-derivative (the sole impurity being the di-
chloro derivative ca 5%) was used in the following alkylation. 
Alkylation of N6-pivaloyladenine using l-chloro-3,3-dimethylbutan-
2-one: 
This alkylation was carried out on 1.08 g (5 mmole) of 
N6-pivaloyladenine using 5% molar excess of sodium hydride and 10 % 
molar excess of the alkylating reagent. The alkylation and its 
workup procedure was according to the general method of alkylation 
on N6 -acyladenine described on p. 56- It was noted that a fine 
precipitate was formed within 5 min. of the alkylating reagent. 
The nmr spectrum of the crude product mixture showed two 
distinct methylene resonances at T=4.34 and 4.6. An expanded trace 
of these signals were cut out and appropriate areas weighed. After 
the individual pure compounds were isolated, it was then possible 
to assign the methylene resonance at T=4.34 to 7-(3' ,3'-dimethyl-
butan-2-onyl)-N6-pivaloyladenine (32) and that at T=4.6 to the 
9-isomer 31. This spectral analysis indicated the 7:9 alkylation 
ratio to be 1:5.7. 
9-(3' ,3'-Dimethylbutan-2-onYl)-N 6-pivaloyladenine (31 ): 
Separation of the crude products of the above alkylation 
was done by repeated preparative tlc (developed in 5% ethanol in 
chloroform). Compound 31 was isolated from the band Rf 0.42, as 
colourless gum, crystallisation of the gum from chloroform-cyclo-
hexane gave colourless needles (380 mg, 24% yield) mp 206°. Ir: 
-1 
vmax 1700 (amide I band) and 1725 cm (b, ketone stretch), Uv: 
3 Amax 273 nm (sh, Exl0 , 16.9) and 281 (sh, 12.0), Amin 229 (2.8); 
pH=l Amax 275 (15.6) and 281 (sh, 14.7); Amin 241 (5.5); pH=l2 
(unstable, after 2 minutes) A 304 (10.8) and A . 245 (4.1); 
max min 
-
' 
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Nmr: T=l.20 and 1.90 (lH each, s, purine protons), 4.7 (2H, s, 
NCH 2CO), 8.58 (9H, s, (CH 3) 3CCON) and 8.68 (CH 3) 3CCO. M.s. m/e 
+ 
(%): 318 (10), 317 (M+, 46), 316 (7), 302 (6), 260 (12), 234 (16), 
2 3 3 ( 8 9 ) , 2 3 2 ( 10 ) , 1 8 6 ( 7) , 14 9 ( 2 9) , 1 4 8 ( 2 3) , 8 5 ( 11) , and 5 7 
(100). 
An a 1 y s e s f o r C 16 H 2 3 N 5 0 2 : C , 6 0 . 5 5 ; H , 7 . 3 3 ; N , 2 2 . 0 7 % . F o u n d 
C, 60.49; H, 7.11; N, 21.94%. 
7-(3 1 ,3'-Dimethylbutan-2-or.y1)-N 6-pivaloyladenine (32): 
Separation of 32 from 31 and starting material proved 
tedious; repeated preparative tlc (developed in 5% ethanol in 
chloroform) gave impure 32 mixed with N6-pivaloyladenine as one 
broad band Rf 0.28. Further separation of 32 from N6-pivaloylad-
enine required repeated preparative tlc developed in ethyl acetate, 
and pure 32 eventually separated out and on recrystallisation from 
chloroform-cyclohexane gave colourless crystals (yield 126 mg, 8%) 
-1 
mp 162°. Ir: v 1680 cm (amide I band) and 1724 (ketone 
max 
stretch). Uv: Amax 279 nm (Exl0 3 , 8.1), 310 (4.6) and 321 (3.4), 
Amin 244 (4.2), 303 (4.0) and 316 ( 4 . 1) ; pH=l Amax 279 ( 8. 1) , 309 
(4.0) and 317 (3.6), Amin 242 (3. 8), 303 ( 3. 7) and 316 ( 3. 5) ; 
pH=l2 (unstable, after 2 mins) Amax 314 (13.2) and A . 264 (3.4). min 
Nmr: T= 1. 4 0 and 1.80 (lH each, bs, purine protons), 4.30 (2H, bs, 
NCH2CO), 8.68 (9H, s, (CH3)3CCON), and 8.72 (9H, s, (CH3)3CCO). 
M.s. m/e+(%): 317 (M+, 10), 261 (15), 260 (100), 176 (8), 175 (7), 
1 7 4 ( 1 0 ) , 14 9 ( 8) , 14 8 ( 7) and 5 7 ( 2 3) . 
Analyses for c16H23N5o2 : C, 60.55; H, 7.33; N, 22.07 %. Found: 
C, 60.31; H, 7.43, N, 22.30%. 
3,3-Dimethylbutan-l-ol: 
3,3-Dimethylbutanoic acid (5.0 g, 42 mmole) in dry benzene 
(100 ml) was reduced with a benzene solution (70% w/v) of sodium 
I 
I 
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dihydro-bis(2-methoxyethoxy)aluminate (21.5 ml, 0.11 mole). The 
acid was gently stirred at room temperature whilst the reducing 
agent was added dropwise. When effervescence of hydrogen had 
ceased, the solution was further refluxed for one hour. After 
cooling, it was then poured with stirring into aqueous solution 
(30%) of potassium sodium tartrate and the resulting solution was 
extracted four times with ether (100 ml); the ethereal phase was 
washed with 10% aqueous solution of potassium sodium tartrate, dried, 
and finally was evaporated to give a colourless liquid (yield 2.14 
g, 50%) bp 141°. (Ref. 51 bp 140-143°). Nmr: -r=6.27 (2H, t, J=8 
hz, CH 2OH); 7.45 (lH, bs, D, OH); 8.48 (2H, t, J=8 hz, (CH 3) 3CCH 2); 
and 9 . 0 6 ( 9 H, s , ( CH 3) 3 C) . 
l-Chloro-3,3-dimethylbutane: 
3,3-Dimethylbutan-l-ol (1.0 g, 9.8 mmole) was reacted with sulphuryl 
chloride (1.35 g, 15 mmole) in refluxing benzene (100 ml) for 8 hrs. 
The resulting solution was concentrated in vacuo (water pump) to 
give a colourless liquid. The liquid was diluted with anhydrous 
benzene and re-evaporated to remove last trace of sulphuryl chlor-
ide. This remaining liquid was then distilled using a fraction-
ationing column, and the fraction bp 115-116° (Ref 52 bp 115°) was 
collected (yield 765 mg, 75%). Nmr: -r=6.43 (2H, pt, J=8 hz, 
ClCHz); 8.26 (2H, pt, J=8 hz, (CH)3CCHz), and 9.08 (9H, s, (CH3)CC). 
Alkylation of N6-pivaloyladene using l-chloro-3,3-dimethylbutane: 
This alkylation was carried out on 998 mg (4.5 mmole) of 
N6 -pivaloyladenine using sodium hydride (4.9 mmole) and l-chloro-
3,3-dimethylbutane (4.7 mmole). The alkylating reagent was intro-
duced after the N6-pivaloyladenine had been stirring with sodium 
hydride in dry dimethylformamide for 1 hour at 20°. The reaction 
mixture was stirred for a further 24 hours. An aliquot of the 
' 
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reaction mixture was worked up in the usual way (seep. 56) only to 
find that reaction had hardly begun. The remaining reaction mixt-
ure was then heated to 100° for 108 hours, after which it was 
worked up in the usual way (seep. 56); tlc analysis of the crude 
product mixture showed mainly one product. 
Nmr analysis of the crude product mixture proved diffic-
ult as the methylene signals (triplets) of the possible products 
were, as expected, overlapped with one another. On expanding the 
normal nmr spectrum and examining the t-butyl resonance region 
(T=8.5 to 9.2) two groups oft-butyl resonances were found as 
expected from compounds containing two magnetically non-equivalent 
t-butyl groups. The set oft-butyl resonances (three signals) at 
low field (T=8.5 to 9.0) was assigned to the t-butyls of the N6 -
pivaloyl groups. The other set (a broad singlet) upfield at 9.2 
was assigned to the t-butyl on the 3' ,3'-dimethylbutyl groups. 
Examining further the t-butyl resonances of N6 -pivaloyl groups, 
there was a less intense signal on the low field side, then came 
two roughly the same intensity peaks at higher field, the whole 
set had a width of 8 hz. On examining a series of N6 -pivaloy 7-
alkyladenines and the corresponding 9-isomers (p. 43), the t-butyl 
resonances of 7-isomer was always situated on the downfield side 
and that of the 9-isomer was further upfield. This would infer 
7-(3, '3'-dimethylbutyl)-N 6 -pivaloyladenine was the minor product. 
Because, even at this highly expanded spectrum these signals still 
overlapped with each other, nmr technique was u~eless for quant-
itative analysis; but based on isolated yield o the two compon-
ents the 7:9 alkylation ratio appeared to be 1:8.7 (see below). 
9-(3' ,3 1 -Dimethylbutyl )-N 6 -pivaloyladenine (33): 
This compound was separated from the rest of reaction 
products by preparative tlc (developed in 5% ethanol in chloroform.) 
I 
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The compound was eluted from the band Rf 0.45 and recrystallised 
from chloroform-cyclohexane to give pale salmon coloured needles 
-1 
mp 220° (177 mg, yield 13%). Ir: vmax 1708 cm (amide I 
band); Uv: Amax 274 nm (Exl0 3 , 17.6) and 285 (sh, 10.2), Amin 
235 (3.4); pH=l Amax 277 (16.4) and 285 (sh, 14.0) Amin 240 
(4.0); pH=l2 (unstable, after 2 mins) Amax 305 (14.0) and Amin 
246 (6. 8). Nmr: T=l.15 and 1.90 (lH each, s, purine protons), 
5.67 (2H, pt, J=9 hz NCH2CH2) 8.19 (2H, pt, J=9 hz, CH2CH2C(CH3)3), 
' + 858 (9H, s, (CH 3)CCO) and 8.95 (9H, s, (CH 3) 3CCH 2). M.s m/e (%): 
304 (18), 303 (M+, 80), 302 (_27), 289 (8), 288 (47), 260 (7), 247 
(16), 246 (55), 220 (28), 219 (100), 218 (30), 204 (37), 176 (13), 
163 (21), 162 (41), 148 (8), 136 (35), 137 (71), 119 (8), 109 (15), 
6 9 ( 8) and 5 7 ( 5 4) . 
Analyses for c16H25 N50: C, 63.34; H, 8.31; N, 23.08%. Found: 
C, 63.51: H, 8.29; N, 23.34%. 
7-(3' ,3'-Dimethylbutyl )-N 6-pivaloyladenine (_341: 
This compound (20 mg, 1.5% yield) was isolated from the 
reaction mixture from a band Rf 0.3 on preparative tlc. Uv: ' 
./\max 
276, 308 and 321 nm, A 227, 303 and 317 · pH=l Amax 275, 307 min ' 
(sh) and 319, A . 249, 303 and 321; pH=l2 Amax 306 and A . 259; min min 
because there was the double-hump feature at 310 nm in the uv 
spectrum of the compound, this was assigned to as the 7 alkylated 
product. 
N6-Benzoyladenine: 
The benzoylation on adenine (945 mg, 7 mmole) was carried 
out using 10% excess of benzoyl chloride in dry pyridine, and the 
acylation procedure was along the lines of the pivaloylation 
described on p. 62. The crude product was crystallised twice from 
' 
" 
chloroform to give pale yellow 
mp 242°), yield 1.07 g (65%). 
needles mp 239° (Literature 46 
1690 Cm -l. Th . t v e exper1men 
max 
was repeated several times with yields varying from 60 to 68%. 
Pivaloyloxymethylation of N6-benzoyladenine: 
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6 The pivaloyloxymethylation was carried out on N -benzoy-
ladenine (1.17 g, 5 mmole) using 5% molar excess of sodium hydride 
and 10% molar excess of chloromethyl pivalate. The alkylation as 
well as the workup procedure was similar to the general method of 
alkylation of N6-acyladenine described on p. 56. 
A nmr analysis was carried out on the methylene signals 
of the pivaloyloxymethyl groups; these were at T=3.53 and 3.71 
and did not trail into one another even on normal scale. When pure 
compounds were later isolated, the signal at T=3.53 was assigned 
to 36 and T-3.71 to 35. This region between T=3 and 4 was further 
expanded; the areas of the methylene signals were traced and 
weighed giving the relative proportions of 36 and 35 to be 76% and 
24% respectively, and a 7:9 alkylation ratio 3.2:1. 
N6-Benzoyl-9-pivaloyloxymethyladenine (35}: 
The products of the pivaloyloxymethylation were separated 
on a silica gel column (120 g) . Elution with 7% ethanol in chlor-
oform gave a fraction which on evaporation of solvent gave 60 mg 
(yield 3.5%) of a pale yellow glass. From its uv spectrum, this 
was identified as the 9-isomer 35 Nmr: T=l.11 and 1.60 (lH 
each, bs, purine protons); 1.75 to 1.95 (2H, m, a protons of 
benzene ring); 2.3 to 2.5 (3H, m, remainder of benzene protons); 
3.72 (2H, s, NCH2O); and 8.82 (9H, s, (CH3)3CCOO). Uv: A 
max 
278 nm and A . 245,· pH=l A 279 and A . 243·, pH-12 (unstable, 
min max min 
after 2 mins) A 310 and, 264. 
max Amin 
6 An authentic sample of N -
I 
' 
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benzyl-9-pivaloxylmethyladenine was prepared, its uv and nmr 
spectral data agreed with those of the minor product of pivaloy-
loxymethylation of N6 -benzoyladenine, thus the assignment of the 
above minor product as 35 was correct. 
N6-Benzoyl-7-pivaloyloxymethyladenine (36): 
Further elution using 12% ethanol in chloroform gave 
fractions containing 36. On evaporation of the solvent 433 mg 
(19% yield) of a pale yellow glass was obtained. This compound 
had a uv spectrum which was characteristic of monoacyl-7-mono-
alkyladenine. Crystallisation of the glass from chloroform-
cyclohexane and a further recrystallisation gave colourless needles, 
mp 210°. Ir: v 1735 cm-l (amide I band), 1752 and 1125 max 
(ester stretch). U v : v 2 7 5 nm ( Ex 10 3 , 4 . 7) , 3 2 8 ( 5 . 2) and max 
336 (sh, 4.9), Amin 262 (3.2) and 304 (2.1); pH=l Amax 275 (4.1), 
324 (4.2) and 336 (4.1) Amin 261 (3.1) pH=l2 (unstable, after 2 
mins) A 322 (14.0), and A . 267 (5.5). 
max min Nmr: -r=l.32 to 1.8 
(4H, m, purine protons and a-protons of benzene rings); 2.3 to 
2.57 (3H, m, remainder of benzene rings); 3.42 ( 2H, s ' NCH 20) and 
+ 8.84 (9H, s' (CH 3) 3CCOO). M.s. m/e (%): 353 (M+, 9) ' 329 ( 10) , 
269 ( 12) , 268 ( 71) , 241 ( 12) , 162 ( 13) , 106 ( 9) ' 105 (100), 77 ( 3 5) 
and 57 ( 2 9) . 
Analyses for c18H19N5o3 : C, 61.18; H, 5.42; N, 19.82%. Found 
C, 61 . 0 5 ; H, 5 . 6 3 ; and N , 19 . 9 3 % . 
Benzoylation of 9-pivaloyloxymethyladenine: 
Benzoylation of 9-pivaloyloxymethyladenine (249 mg, 1 mmole) 
was carried out using benzoyl chloride (1.15 mmole, 15% molar 
excess) in refluxing pyridine (15 ml) for 10 hrs. Method of 
acylation similar to the pivaloylation of 9-benzyladenine describ-
ed on p. 62 The crude products (two) were separated on prepar-
' 
B4 
ative tlc plate using 5% ethanol in chloroform as developing solvent 
The compound on the lower band Rf 0.30 was isolated and recrystal-
lised twice from chloroform-cyclohexane to give N6-benzoyl-9-pival-
oyloxymethyladenine (230 mg, 63% yield) as pale orange flakes mp 
164-165°. Nmr was identical to that of 35 above. Ir: \) 1700 
max 
-1 (amide I band) 1730 and 1140 ( es t er s tr et ch) . Uv: :\ 231 cm 
max 
3 10.2), 250 (sh, 9. 4) , 257 (sh, 10.0) and 278 (17.9). nm (cxlO , 
A . 2 4 5 ( 9 . 2) ; pH= 1 A 2 5 0 (sh, 9. 2) . 2 5 7 (sh, 9 . 5) and 2 7 9 
min max 
(17.2), Amin 243 (8.8), pH=l2 (unstable after 2 min) Amax 310 (16.8) 
and A. 264 (7.2). M.s. m/e+(%): 353 (M+, 21), 352 (12), 331 
min 
(9), 330 (57), 329 (100), 294 (8), 252 (10), 238 (9), 211 (16), 
210 (27), 106 (7), 105 (81) 71 (48) and 57 (27). 
An a 1 y s e s for C l 8 H 19 N 5 0 3 : C , 6 1 . 1 8 ; H , 5 . 4 2 ; N , 19 . 8 2 % . Found : 
C, 60.86; H, 5.06; H, 19.91%. 
Also isolated from the benzoylation reaction was the 
dibenzoyl derivative. This was isolated from the crude mixture 
as the upper band Rf 0.45 using preparative tlc. The compound was 
eluted from the band and crystallised twice from chloroform-cyclo-
hexane giving pale yellow needles (90 mg, 20% yield) mp 112-113°. 
Ir: v 1705 and 1740 cm-l (amide I band) 1720 and 1150 (ester 
max 
3 
stretch). Uv: Amax 251 nm (cxlO , 12.7) and 273 (sh, 10.0) Amin 
2 2 8 ( 7 . 8) ; pH= 1 Am ax 2 5 1 ( 1 2 . 3) and 2 7 3 ( sh , 9 . 9 ) , Amin 2 2 8 ( 7 . 6 ) ; 
pH=l2 (unstable, after 2 mins) A 278 (11.2) and A . 267 (10.3). 
max min 
Nmr: T=l.17 and 1.58 (lH each, s, purine protons); 1.95 to 2.18 
(4H, m, a protons of benzene rings); 2.45 to 2.65 (6H, m, remainder 
protons of benzene rings); 3.75 (2H, s, NCH 20); 8.83 (9H, s, 
M. s . m/ e + ( % ) : 4 5 7 (M +, 18) , 4 2 9 ( 14) , 401 ( 7) , 3 5 3 
(11), 352 (40), 336 (21), 324 (8), 238 (16), 106 (9), 105 (100), 
7 7 ( 41) an d 5 7 ( 1 3 ) . 
Analyses for c25H23N5o4 : C, 65.64; H, 5.07; N, 15. 3 1%. Found: 
C, 65.78; H, 5.38; N, 15.56%. 
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N6-Acetyladenine: 
The acetylation of adenine was carried out on adenine 
(2.7 g, 20 mmole) in refluxing acetic anhydride (25 mls) for 2 hrs. 
(method according to Baizer H.M., Clark J.R., Dub M, and Loter A~ 6 
The solution was cooled and evaporated off to dryness in vacuo 
(water pump). Last traces of the anhydride were azeotropically 
removed with toluene. The residue was recrystallised from water 
until colourless needles were obtained. Yield was 1.42 g, 48% 
(based on crystalline product) mp above 280°. (Literature yield 
75% and no mp was quoted, but according to Birkofer z~ 3 , the 
compound decomposed above 280°). -1 6 v 1690 cm . N -acetyladen-max 
ine prepared in this way was later found by mass spectral analysis 
to be contaminated with adenine (less than 5%) resulted from 
hydrolysis of the mono-acetyl derivative occurred during recrystal-
lisation. 
Pivaloyloxymethylation of N6-acetyladenine: 
The pivaloyloxymethylation was carried out on N6 -acetyl-
adenine (890 mg, 5 mmole) and 5% excess of sodium hydride and 10% 
excess of chloromethyl pivalate. The alkylation and its workup 
procedure was analogous to the general method of alkylation of 
N6 -acyladenine described on p.56 
The nmr spectrum of the crude product mixture suggested 
two alkylated products. The analyses to establish the relative 
proportions of the products were done on the expanded spectra at 
the regions of the methylene resonances (T=3.72 and 3.65) of the 
pivaloyloxymethyl groups and the acetyl resonances (T-7.35 and 
7.53) of the N6-acetyl groups. The areas under these signals were 
then traced and weighed to establish their relative proportions. 
The assignment of these signals to the 7-~B)or 9-isomer (37)were 
done when pure components were isolated. However neither of the 
' 
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pure compounds had the double-hump feature at 310 nm on their uv 
ethanolic neutral spectra; such confusion in assignment was over-
come when authentic 37 and 38 isomers were prepared from unequiv-
ocal routes. The relative proportions of the N6 -acety l- 9-pivaloy-
loxymethyladenine (31} and its 7-isomer 38 based on the nmr analyses 
result were 27 to 73% respectively giving a ratio of 7:9 alkylation 
using chloromethyl pivalate on N6 -acetyladenine as 2.8:1. 
N6-Acetyl-9-pivaloyloxymethyladenine (31}: 
This was separated from the rest of the crude product 
mixture through repeated preparative tlc (developed in 4% ethanol 
in chloroform). Compound 3] was then eluted from a band Rf 0.5 
and after evaporation of solvent gave a yellow gum. Crystallis-
ation of the gum from chloroform-cyclohexane gave colourless 
crystals, mp 158° (yield 250 mg, 17%). Ir: 
(amide I band) and 1735, 1130 (ester stretch). 
v 1700 
max 
-1 
cm 
Uv: A 2 5 6 nm 
max 
3 (sh, sx 10 , 11 . 5) , 2 71 ( 17 . 0) and 2 8 0 (sh, 12 . 6) , A . 2 3 0 ( 2 . 8) ; 
min 
pH=l :\ 256 (sh, 10.4), 272 (15.6) and 280 (sh, 13.8), A . 233 
max min 
(3.1); pH=l2 (unstable, after 2 mins) :\max 299 (14.7) and Amin 
244 (sh, 3.5). Nmr: T=l.12 and 1.34 (lH each, s, purine protons), 
3.67 (2H, s, OCH2N), 7.32 (3H, s, CH3CO) and 8.81 (9H, s, (CH3)3CCON). 
M. s. m/e + (%): 292 (11), 291 (M+, 51), 250 (15), 249 (97), 229 
(11), 219 (13), 190 (19), 177 (13), 164 (37), 163 (15), 149 (28), 
148 (30), 136 (13), 135 (100), 108 (13), 85 (20) and 57 (89). 
Analyses for c13H17N5o3 : C, 53.60; H, 5.88: N, 24.04%. Found: 
C, 53.32; H, 5.83; N, 24.14%. 
The identity of this compound was confirmed by synthesis 
of an authentic sample of 37. The compound (seep. 88) had iden-
tical spectral data to the minor product mp 158° of the pivaloy-
ladenine of N6 -pivaloyladenine. Mixing of t hese two compounds did 
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not cause any depression in mp, and such a mixing was also tlc-
homogeneous. 
N6-Acetyl-7-pivaloyloxymethyladenine (38): 
This compound was separated from the other product, 
of pivaloyloxymethylation of N6 -ace t yladenine by repeated prepar-
ative tlc (develop ed in 4% ethanol in chloroform). 
The compound 38 was eluted from the band Rf 0.35 as a 
pale yellow gum. Attempts to crystallise this gum failed even 
though the gum wa:; tlc pure. Evaporation of the solvent gave a 
pale yellow glass (yield 190 mg, 13%). Ir: v (CHC1 3 solution max 
in 1 mm cell) 1752 cm-l (ester stretch) and 1710 (amide I band). 
Nmr: T=l.03 and 1.3 (lH each, s, purine protons), 3.58 (2H, s, 
NCH2O), 7. 5 (3H, s, CH3CON) and 8. 85 (9H, s, (CH3) 3CCOO). M. s. 
m/e + (%): 292 (5), 291 (M+, 16), 2 76 (5), 249 (18), 206 (100), 
205 (11), 190 (16), 164 (49), 162 (17), 148 (16), 136 (11), 135 
(33) and 57 (55). Uv: Amax 276 nm (Exl0 3 , 8.6) and 253 (sh, 
5 . 1) , A . 2 3 8 ( 3 . 6) ; pH= 1 A 2 7 6 ( 8 . 6) and 2 5 3 (sh, 5 . 0 ) , A . 
min max min 
238 (3. 5); pH=l2 (unstable, after 2 mins) A 295 (9. 9) and 
max 
A. 246 (3.3). 
min 
High resolution m.s. for c13H17N5o3 : Calculated mass, 291.133131; 
measured mass, 291.133690. 
Because on the uv spectrum of the above compound done in 
ethanol there was no double-hump feature at 310 nm, which was 
characteristic of all previously studied monoacyl-7-monoalkylad-
enines, an authentic sample of N6 -acetyl-7-pivaloyl-oxymethylad-
enine was prepared (seep. 89). The authentic sample h ad uv and 
nmr spectral data identical to those of the major product of 
pivaloyloxymethylation of N6 -acetyl aden ine, and therefore confirmed 
the assignment of that major product to be N6 -acetyl- 7-p ivaloyloxy-
methyladenine as correct. 
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Acetylation of 9-pivaloyloxymethyladenine: 
9-Pivaloxyloxymethyladenine (249 mg, 1 mmole) was acetyl-
ated using equimolar acetic anhydride (102 mg, 1 mmole) in dry 
pyridine (10 ml). This solution was refluxed for 2 hrs and after 
cooling poured into ice-cold aqueous bicarbonate solution. The 
resulting mixture was extracted extensively into chloroform. The 
organic phase was washed with aqueous bicarbonate solution, dried 
and evaporated to give a gum which was further purified by prep-
arative tlc giving 120 mg of crystalline solid (yield 41%). Re-
crystallisation with chloroform-cyclohexane gave colourless needles 
whose mp and spectral data were in agreement with those of the 
minor component mp 15 8° isolated from the pivaloyloxymethylation 
of N6 -acetyladenine. Mixing these two compounds did not cause a 
depression in mp, and mixed tlc gave one homogeneous spot. 
Acetylation of 7-pivaloyloxymethyladenine: 
7-Pivaloyloxymethyladenine (249 mg 1 mmole) was refluxed 
with acetic anhydride (10 ml) for 1 hr. The solution was evaporated 
in vacuo to dryness (last traces of acetic anhydride were removed 
azeotropically with toluene) to give a gum. This gum contained one 
major product which was further purified by preparative tlc. The 
final compound was recrystallised and gave colourless crystalline 
solid mp 115-116° (yield 167 mg, 57%). Ir: v 
max 
cm-l (amide I band), 1740 and 1120 (ester stretch). 
1730 and 1695 
Uv: :\ 
max 
250 nm (sh, cxl0 3 , 3.6) and 275 (6.4), :\ . 232 (2.2); pH=l A ax 
min m 
250 (sh, 3.6) and 273 (6.3), :\ . 232 (2.1); pH=l2 (unstable, 
min 
after 2 mins) A 299 (13.0) and:\ . 257 (5.0). 
max min Nmr: T=0.77 
and 1. 35 (lH each, s, purine protons), 3. 93 (2H, s, NCH 20) , 7. 60 
(6H, s, two NCOCH3 groups) and 8.83 (9H, s, (CH3 ) 3CCOO). M.s. 
m/ e + ( % ) : 3 3 3 (M + , 5) , 2 9 2 ( 8) , 2 9 1 ( 31) , 2 7 6 ( 16) , 2 4 9 ( S) , 2 0 7 
II 
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(14), 206 (100), 190 (16), 179 (5), 174 (6), 164 (20), 162 (22), 
14 8 ( 1 2 ) , 13 6 ( 8 ) , 13 5 ( 11) , 119 ( 8 ) , 9 4 ( 6 ) , 8 5 ( 7 ) and 5 7 ( 5 O ) . 
Analyses for c15H19N5o4 : C, 54.05; H, 5.75; N, 21.01%. Found: 
C, 53.63; H, 6.01; N, 21.25%. The above spectral and m.s. data 
proved the isolated compound to be a diacetyl derivative 40 
7-Pivaloyloxymethyladenine (127 mg, 0.5 mmole) was acetyl-
ated with equimolar acetic anhydride (51 mg, 0.5 mmole) in dry 
pyridine (5 ml). The solution was refluxed for half an hour. The 
solution was cooled and poured onto ice-cold saturated solution 
of sodium bicarbonate. The resulting mixture was extensively 
extracted into chloroform. The organic phase, after being washed 
with bicarbonate solution, then water and finally dried, was evapor-
ated to dryness to give a pale yellow gum (130 mg). Nmr of this 
gum indicated a mixture (1:1) of mono- and di-acetylated products. 
The two compounds were separated through preparative tlc (developed 
in 6% ethanol in chloroform) to give 60 mg (yield 28%) of a compound, 
Rf 0.52 in the developing solvent, whose nmr and uv spectral data 
were in agreement with 38 and 60 mg (yield 24%) of another com-
pound Rf 0.40 whose nmr and uv spectral data agreed very well 
with 40 . Since the acetylation of 7-alkyladenine occurred at N6 
position, the assignment of the major product (the glass) of pival-
oyloxymethylation of N6-pivaloyladenine as N6-pivaloyl-7-pivaloyloxy-
methyladenine was correct. Small amount (about 1%) of 7-pivaloyloxy-
methyladenine was isolated from the reaction product mixture. 
This was not a degradation product from the hydrolysis of acetamido 
group from N6-acetyl-7-pivaloyloxymethyladenine, rather it was the 
result of direct alkylation of adenine (the other contaminant in 
the preparation of N6-acetyladenine) by the chloromethyl pivalate. 
I 
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APPENDIX 
Methods for analysing crude product mixture of alkylation 
reactions: 
90 
Throughout the experimental procedure two kinds of 
analyses were employed to establish the ratio of 7:9 alkyl-
ation on N6-acyladenine. They were: (a) nmr analyses on the 
crude product mixture and (b) combined analyses using chrom-
atographic and uv spectroscopic methods. 
a) The Nmr Analysis on Crude Product Mixture: 
An aliquot of the dried chloroform extract of the 
crude product mixture from the alkylation of N6 -acyladenine 
was used for the nmr analysis. This chloroform solution, which 
also contained the solvent used in the alkylation-dimethyl-
formamide, was evaporated off to give a pale yellow gum. Most 
of the dimethylformamide could be removed by azeotropic dis-
tillation with toluene. This gum would then contain the 
products of alkylation, toluene, dimethylformamide, and the 
liquid hydrocarbon in which the sodium hydride was dispersed. 
All the gum was dissolved in minimum amount of deuterated 
chloroform and a nmr spectrum together with an expanded spec-
trum at region of interest were finally obtained. 
The nmr analysis of the crude product mixture was then 
carried out on a trace of the expanded spectrum. After the 
individual resonance signals were assigned a trace of these 
signals was cut out and the area under each individual signal 
was established by weight. The relative proportions of 7 and 
9 isomers were expressed as percentage of the total product 
mixture. The error in estimation of the relative proportions 
of the individual components was calculated to be + 0 
- s 7a • 
The resonance signals frequently used in this kind of 
analysis are the N-me thylene signals of the N-alkyl group of 
C6Hs-
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7- or 9-alkyl-N 6-acyladenines. They are used because the 
N-methylene signals of the individual isomeric compounds are 
well resolved on the 60Mhz nmr spectrophotometer, with the 
N7-methylene signal situated at lower field than the N9 -
methylene one. This is caused by the N7-methylene protons 
being subject to the anisotropic influence of the carbonyl 
group of the neighbouring N6 -amido group of the N6 -acyladenine. 
Even in alkylated products of N6 -pivolyladenine the N-methylene 
resonances are used in preference to the t-butyl one, this is 
because the t-butyl resonances of the individual . . isomeric 
compounds are usually not so well resolved; in addition the 
resonances from the hydrocarbon (in which the sodium hydride 
is dispersed) and the starting material N6 -pivaloyladenine 
also appear in this region, making the nmr analysis difficult 
and therefore, results so obtained would be less accurate 
than those from analysis using the N-methylene signals. 
b) Analyses using Chromatographic and Uv Spectroscopic Methods: 
In cases where the minor component was less than 5% 
of the total crude product mixture viz. in the pivaloyloxy-
methylation of N6 -pivaloyladenine, or the two components had 
nmr resonance signals trailing into one another (in methyl-
ation of N6 -pivaloyladenine), the above described nmr analysis 
would fail to give meaningful results, and the crude product 
mixture would be analysed by the Analyses using chromatographic 
and uv spectroscopic methods. 
Small aliquot of chloroform extract (containing about 
40 mg of sample) of crude alkylation product mixture was used 
as a sample for the chromatographic separation on a preparative 
tlc silica gel plate. The solvent system used for the develop-
ment of the plate was usually 5% ethanol in chloroform. In 
I 
11 
11 
I 
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general, 9 monoalkyl - N6 -pivaloyladenines have the highest 
Rf value (~0.5 in 5% ethanol in chloroform), whilst the 7-
alkyl isomers (Rf ~0.25) run quite close to N6 -pivaloyladenine, 
and thus often are contaminated by the latter. These individ-
ual bands were then eluted with spectrospic ethanol: because 
their Rf values increased threefold on changing the polarity 
of developing solvent to 10% ethanol in chloroform, elution 
of these materials from silica gel with ethanol should be very 
efficient. These solutions were filtered to remove silica gel, 
and after the appropriate dilution with spectroscopic ethanol, 
they were subjected to uv spectroscopic analysis. A band 
(above the solvent front on the developed chromatogram) of 
clean silica gel was also scraped off. Elution of this band 
in the similar way as above eventually gave a blank solution 
against which all the above mentioned solutions were measured. 
Using s values, established later when the pure 
max 
individual components were isolated, the quantities of individ-
ual components present on these bands were calculated. As 
mentioned above, 7-monoalkyl-N 6 -pivaloyladenines could be con-
taminated with N6 -pivaloyladenine. In order to allow for such 
contamination, s values at 310 nm were used for calculating 
max 
amounts of 7-alkyl isomers present. As for the 9-alkyl isomers 
the s values around 275 nm were used. It was found that 
max 
the uv spectra of N6-acetyl-7-monoalkyladenine do not have a 
double hump feature at 310 nm; thus this method of analysis 
can only be used for analysing alkylation product mixture of 
N6-benzyl- and N6 -pivaloyladenines. Such analysis would be 
subjected to the accuracy of the absorbance measurement of the 
uv spectrophotometer, the accuracy of established s values, 
max 
and the degree of efficiency in the elution of components from 
silica gel by ethanol. An error in this analyses o f this kind 
. +50 was estimated to be greater than - 7a. 
Ii 
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